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Introduction 
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CHAPTER ~ I 
I N T R O D U C T I O N 
Analytical chemistry deals with the solving of quali-
tative and quantitative problems. Qualitative analysis deals 
with the finding what constituent or constituents are in an 
analytical sample^ and quantitative analysis deals with the 
determination of how much of a given substance is in the 
sample. With today's instrumentation and with the large 
variety of chemical measurements available, specificity or 
sufficient selectivity can often bp. achieved so that a qua-
ntitative measurement serves as a c[ualitatlve measurement. 
The development of methods for these analyses is the main 
aim of analytical chemistry. 
Analytical chemistry, like other areas of chemistry 
and of all sciences, has gone thrc-ugh a period of rapid 
growth and change. At present, new areas such as chemical 
physics, biophysics and molecular biology are rapidly deve-
loping. Many advances in these ar>;'as were made possible by 
analytical results. 
The importance of analytical chemistry in related 
scientific areas can be illustratec by considering its 
impact on clinical analysis, in phcrmaceutical research 
and quality control, and in envirormental analysis. 
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In the past, the medical profession used clinical 
results qualitatively and many of their diagnosis were 
based on symptoms and/or X-ray examinations. The tests 
were improved to the point where it became possible to 
quantitatively determine these components. Now these 
test results play a major role in influencing the diag-
gnosis. 
Currently, quite a large number of tests are per-
formed in clinical laboratories. The major portion of 
these tests deal with blood and urine samples and include 
the determination of glucose, urea nitrogen, protein nit-
rogen, sodium, potassium, calciT-im, UCO^A^J^^s' "^^^^ acid, 
and pH, etc. 
In the pharroaceutical industry the quality of the 
manufactured drugs in tablets, solution and emulsion 
forms must be carefully controlled. Slight changes in 
composition or in the purity of the drug itself can 
affect the therapeutic value. Accurate and sensitive 
tests must be developed since the level that are being 
determined are often as little .;s 1 nano gram. 
Analytical methods providt; the basis for the 
studies including the application of science and tech-
nology toward the control and in.provement of environ-
mental quality. The development of analytical methods of 
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separation, identification, and subsequent determination 
have provided information about the presence of dust and 
suspended particulate matter in air as lime, limestone, 
and cement dust from kilning operations, coke dust and 
polycyclic aromatics from coking operations, and fluorides 
from metallurgical processes. Other contaminants are fly 
ash from coal-fired electrical power plants and wind-blown 
slag and insulation from industrial operations. Water is 
also as complex a system as air, when it comes to environ-
mental monitoring. As in the study of air, analytical 
chemistry has played a major rola in the environmental 
science of water. 
There are various methods in analytical chemistry 
that are employed for separation. Some of them are*chro-
matography, electrophoresis, ion-exchange, solvent extra-
ction, ring oven technique and dialysis. Out of them 
ion-exchange has come to be recognised as an extremely 
valuable technique. Ion-exchange had a great impact on 
analytical chemistry. 
Ion-exchange is a reversible, stoichiometric ex-
change between the ions in the mobile liquid phase and 
the ions on the exchange sites on the stationary phase. 
The major application of ion excJiangers is the separation 
of ionic or partially ionic mixtures. But recently, Sepa-
4 
ration of nonionic organic molecules on ion exchangers has 
also been reported. The retention of these kinds of mole-
cules on ion exchanger depends upon the highly polar chara-
cter of ion exchanger and the se-.ection of eluting condi-
tions. 
Ion exchangers can separate the micro ( < 1 - mg 
quantities) as well as the macro (> 1 - g quantities) 
samples. Because of the macro application, ion exchangers 
can also be used on industrial scale. A wide variety of 
very complex mixtures have been separated on ion exchangers. 
These includes the separation of rare earths in hitherto 
unknown purity (1-7). Ion-exchange chromatography has played 
an important role in the isolation and identification for 
the concentration and extraction of the most important 
metals and of the new transuranium elements (8-13) and has 
even been used for enrichment of isotopes (14-19), Organic 
substances such as amino acids (20-28), peptides (29,23,30), 
proteins (23,31), nucleic acids (32), alcohols (23,33,34), 
glycols (33,35,36), carbonyl compounds (23,33,37,38), car-
bohydrates and derivatives (23,39-43), ethers (38,44), 
amines (23,44-46), hydrocarbons (38,47) and phenols (38,48) 
have also been separated in ion-e:<change columns. All these 
separations were achieved on organic resins. The selecti-
vity was obtained by varying the pH and/or by the use of 
complexing agents. As far as prac-:ical applications are 
r) 
concerned, organic resins are by far the most important ion 
exchangers. The more recent analytical applications of ion 
exchange resins include the collection of selenium (IV)(49), 
ppb level of aluminium (50), preconcentration of cobalt (51), 
trace determination of trimethylselenonium in urine (52), 
molybdenum (53) and iron (54), preparative, fractionation 
of petroleum heavy ends (55), determination of pt and pd (56), 
analysis of metamict mineral containing U, Ti, Nb and rare 
earths (57) and the determination of low level bromide in 
fresh water (58). Ion exchange has also been used with 
success in the food industry (59) and for determining polar 
organics in shell process v/ater;; (60). 
The water pollution is increasing day by day. However, 
the methods based on ion-exchange are becoming of promising 
success when applied to this fi:-^ ld. The use of ion exchangers 
on large scale may provide mankind v.'ith pure water and may be 
useful for the concentration and extraction of the most 
important metals and ra\\' materials v.'hich is becoming more and 
more difficult to produce. 
The English agriculturist H.S.Thompson(61) was the first 
to observe and to publish descriptions of the phenomenon 
of ion exchange by the name of base exchange. Thompson 
found that the ammonium sulfate absorbed by soils 
could not be washed out by water and that much of 
the absorbed ammonium sulfate was converted to calcium sulfate, 
It v/as VJay (62), who thoroughly explored the phenomenon and 
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demonstrated the underlying mechanism to be one of base ex-
change involving the complex silicates present in the soil. 
Ca - Soil + (NH4)2SO^ = NH^ - Soil + CaSO^ 
The first attempt to employ ion exchange for commer-
cial purposes was made by Harm in 1896 (63). In his patent. 
Harm claimed to have a successful process utilising a natu-
rally occurring cation exchanging silicate for removing 
sodium and potassium from sugar beet juice. However, success-
ful large-scale applications of cation exchange were developed 
by Cans (64) who synthesized inorganic materials of the type 
Na^Al„Si-O^Q in which the Na was exchangeable. He success-
fully applied his inorganic synthetic cation exchanger to 
water softening and sugar treatment on a technological scale. 
To a large exlent his synthetic exchanger replaced the natu-
rally occuring exchangers or zeolites. 
One decided shortcoming of the inorganic exchangers 
at that time resided in the fact that they were acid sensi-
tive and did not lend themselves to any exchange reactions 
in which hydrogen ions were taking part. 
It is only in the past forty years that ion exchange 
has reached the point where it should be considered a unit 
process at par with tne traditional ones such as distillation, 
precipitation, and adsorption. Adams and Holmes (65) in 1935, 
English Chemists discovered and appreciated the potentialities 
of the ion exchanging properties of synthetic resins. They 
synthesized both anion and cation exchange resins thus making 
it possible to deionize water in the cold for the first time. 
The really modern era in ion exchange technology began 
in 1944 when D'Alelio of the General Electric Company's Pitts-
field laboratories synthesized resins from preformed polyst-
yrene (66), These resins were the forerunners of the currently 
available line of polystyrene resins which, compared to 
earlier resins, possess greatly improved capacity and chemical 
and mechanical stability. 
The application of organic ion-exchange resins are 
also limited under certain conditions i.e. they are unstable 
in aqueous systems at high temperatures and in presence of 
the ionizing radiations. For these reasons there has been 
a revived interest in inorganic ion-exchangers in recent 
decades, as they are unaffected by ionizing radiations and 
are also sensitive to higher temperatures. The structure of 
these inorganic ion exchangers is stiff; therefore they are 
more selective and suitable for the separation of ions on 
the basis of their different pore sizes. Being stable towards 
ionizing radiations, they can be: used advantageously in 
reactor technology. Inorganic ion exchange membranes have 
also recently been used preferably over organic ones because 
of the ability of inorganic membranes to withstand higher 
temperatures and their high selectivity for cetain ions. 
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Inorganic ion exchangers also find applications in 
the analysis of alloys (67,68) and silicate rocks (68,69) 
separation of metals from drugs 170,71) and in the detec-
tion of iron and molybdenum (72,•/3). 
The selectivity of inorganic ion exchangers has been 
utilized for the preparation of ion selective electrodes 
(74). The ion selective electrodes have now come to be 
recognized as an important tool for solving various analytical 
problems (75-77). 
In order to understand the applications and in order 
to improve upon them, systematic and fundamental studies are 
being persued of these materials. This new interest in inor-
ganic ion exchangers may be said to begin in 194 3. It was 
shov/n by Boyd (78) that columns containing finely divided 
zirconium phosphate supported on silica wool could be used 
to separate uranium and plutoniurii from fission products by 
ion exchange process. In addition to zirconiiim phosphate 
many other similar substances may be prepared by containing 
oxides of group IV with more acidic oxides of group V and VI 
of the periodic table. 
The various inorganic ion exchangers reported upto 
1963, have been summarized by Amphlett (79) in his classical 
book, "Inorganic Ion-exchanger". The relevant work from 1962 
to 1970 has been reviewed by Pekerek (80) and Vesely (81). 
!) 
Marinsky has summarised the theoretical aspects of exchange 
in inorganic ion exchange materials (82) , The synthesis and 
application of inorganic ion exchangers have been reviewed 
by Walton (83-88), Recent reviews on the applications of 
ion exchange have been edited by Marinsky (89) and Walton 
(90), Recent literature on these materials has been covered 
by Clearfield in his monograph in 1982 (91). Zirconium 
phosphate is a most extensively studied material in this 
family and a large number of research papers have been 
published on it. The ion-exchange properties of some of the 
more important inorganic ion-exchangers of the zirconium 
phosphate type have been summai'ised in Table 1.1 
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Ion exchangers can be utilized :.n the laboratory in many 
other ways: 
1) Interfering ions can be removed. 
2) Group separations are possible, 
3) Samples can be concentrated. 
4) Charges on ions can be established. 
5) Samples can be purified. 
6) Standard solutions can be prepared. 
7) Formation constants of complexes can be determined. 
8) They can be used as acid and base catalysts. 
If v/ater is passed through two columns, the first 
containing a cation exchanger in the hydrogen form and the 
second an anion exchanger in tt- hydroxide form, deionized 
water can be prepared. The reactions, assuming all salts in 
the '^ater are univalent cations (M ) and anions (X ) are 
Cation exchanger: Resin - SO~H''"+MX ;^=±LResin-S03M"^-fHX. 
Anion exchanger : Resin - NR30K'-VHX^=^ Resin-NR3X""+H20 
Water purification for the laboratory using this procedure 
has two advantages in comparison to distillation. 
1) The ion-exchange procedure is faster and cheaper . 
2) It easily Satisfies the pui-ity requirements of a 
scientific laboratory. 
Ion exchangers can be utilized in the preparation 
of solutions in several ways, I'or example, ionic salts can 
C'4 
be removed from organic reaction mixtures. This often faci-
litates purification of the organic compounds through crys-
tallization, A solution of a metal chloride or some other 
anion can be prepared by passing a metal nitrate solution 
through a colum.n of an anion exchanger charged in the 
chloride form or anion form of interest. If a vjeiqhed 
amount of KCl is passed through a cation exchanger in the 
hydrogen form, and the effluent is collected and diluted 
to a known volume, a standard solution of HCl is prepared. 
This is possible since the exchange of ions is stoichio-
metric. Conversion of salts to an acid (or base if an anion-
exchanger hydroxide form is used) can also be used for 
analysis. 
The properties of ion exchangers facilitate the 
selection of the correct ion exchanger for the particular 
problem. The more important properties are colour, density; 
mechanical strength; particle size; capacity; selectivity; 
amount of crosslinking, swelling; porosity-surface area; 
and chemical resistance. The exchange of univalent ions 
may be represented by the following equation 
(A+)^+ (B-^)^ ^ . ^ (A-*-) 3 . (B-^)^ 
where R and S refer to the cation being in the resin phase 
and solution phase, respectively. Since the reaction 
reaches an equilibrium position, an equilibrium expression 
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in terms of concentrations can be written as 
R _ ^ s ^ ^ R 
where the square brackets are for equilibrium concen-
tration . 
If the experimental variables are held constant and 
the concentrations of A and B are low, K is a constant 
and is an indication of the preference the ion exchanger 
shov7s for one ion over another. 
For a good ion exchanger the rate of exchange should 
be rapid. Several properties like particle size, mechanical 
strength, crosslinking, swelling and porosity-surface area 
influence the exchange rates. 
Total capacity of an ion exchanger is a measure of 
the total amount of exchangeable ions expressed per unit 
weight of dry ion exchanger (mmol/g) or v/ater sv/ollen ion 
exchanger (mmol/ml). It is determined by taking a weighed 
sample of the ion exchanger, in column and passing a solu-
tion of KCl through the column in large excess. For the 
cation exchanger in the H form, the effluent will be acidic 
which can be titrated v;ith standard base. For the anion 
exchanger, the solution v.-ill be basic, if the exchanger is 
in OH form, and the effluent ip titrated with standard acid. 
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If the exchanger is in the Cl form/ a KNO solution is used 
and the exchanged Cl" is determined by a Ag"^  titration. From 
the titration data and v/eight of the exchanger, the capacity-
can be calculated. 
Separations of inorganic mixtures to a more or less 
extent are based on one of the three different principles. 
1. At low concentration the extent of exchange is directly 
proportional to the valency of the exchanging ion. 
2. At constant valence the extent of exchange is directly 
proportional to the atomic number at lov/ concentration. 
3. The extant of exchange highly depends upon the formation 
of complexes. 
Besides the above three factors some others such as 
concentration, pH, temperature may influence the separations. 
Distribution coefficient K, may be determined to 
calculate the separation factor which may be regarded as a 
measure of possible separation. 
y _ Amount of ion (A) present in exchanger phase g 
M Amount of ion TAI present in solution phase ml 
The separation between a given pair is possible or 
not is predicted by comparing their K. values. It is also 
possible to separate a trace quantity of a metal from a macro 
amount of another metal ion. 
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Organic compounds that have ionic character (acidic 
or basic) can be separated on anion and cation ion exchangers. 
Many nonionic organic compounds are retained by ion exchangers 
through adsorption, salting out, size and other exchanger-
solute interactions. By proper choice of eluting conditions 
separations are possible. The total capacity of the exchanger 
towards an organic solute may be quite different than found 
for the exchange capacity for the exchanger. 
Thermodynamics is a very important tool to study the 
theory of ion exchange and also for :an insight to the under-
lying mechanisms involved. Two different approaches are usually 
applied for this purpose (though ether meritable approaches 
exist, these two are most widely accepted). 
The first approach is based on the design of more and 
more elaborate models. Tnis approach gives a semiquantitative 
picture to a practical chemist who is interested in under-
standing the physical causes of the phenomena. Thermodynamics 
is the appropriate means of explaining any equilibria.Rigorous 
thermodynamics, however, is, inherently abstract. The rigorous 
and abstract treatment of thermodynamics is'correct' and 
universal, but it yields a minimum of information about the 
physical causes of the phenomena to which it is applied. 
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In the second approach attempts have been made to 
correlate the activities v;ith some measurable quantities with 
the thermodynamic equations. Probably the tirst quantitative 
formulation of ion exchange equilibria was made by Cans (239) 
using the law of mass action in its simplest form. This 
concept was extended by Kielland (240). A similar choice of 
the general treatment was given by Gaines and Thomas (241). 
The most acceptable model, however, is the semiquantitative 
one of Gregor which relates selectivity to hydrated ionic 
volumes. 
The particular use of the thermodynamic equilibrium 
constant is made to find out the free energy changes of the 
ion exchange process, usually, by the expressions: 
A F = - RT In ka 
Where Z:^  F is change in free energy. From the Ka values 
at different temperatures, the enthalpy changes in the system 
may be evaluated. The enthalpy change is directly related to 
the changes in the number and the strength of the bonds 
involved in the ion exchange reaction. 
The therroodynamic studies cf alkali metal ions on 
semicrystalline zirconium phosphate were performed by many 
scientists (242-247). The thermodynamics for alkali and 
alkaline earth metal cations on ferric antimonate (248-249), 
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and niobium arsenate (250) were made in our laboratories. 
The kinetics of simple homogeneous chemical reaction 
is governed by their differential rate of the reaction depe-
nding on the concentrations of the reactants. 
Ion exchange kinetics involves three types of processes. 
1. Interdiffusion of counter ions in the adharent film, 
2. Interdiffusion of the counter ions with in the ion 
exchanger particles themselves, and 
3. Chemical exchange reaction. 
It is important to note that of all the studies on 
ion exchange kinetics which have appeared in the literature 
to date, none of them has been shown by chemical exchange 
reactions. 
Nachod and Wood (251) made the first serious study on 
the kinetics of ion exchange. They studied the reaction rate 
with which ions from solution are removed by the solid ion 
exchanger or conversely the rate ^t wnich the exchangeable 
ions are released from the exchanger, Boyd et al (252) have 
later on studied the kinetics of metal ions on resin beads, 
and nave given an elaborate understanding about particle and 
film diffusion which are governed by ion exchange. 
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Costantino et al. (253) have studied the self diffusion 
process of Na"^  and K"*" ions on microcrystals of zr (NaPO^) 2. 3H2O 
and Zr(KPO.)^.3H^0 and modified Picks equation to take into 
account the non-uniformity of the particle size. The equation 
so obtained was employed in tne study of self diffusion rate 
of Na^ and K^ ions on the above mentioned exchangers. 
Kinetic studies on inorganic ion exchangers were made 
in our laboratories and kinetic studies on the exchange ot 
+ 7+ 2+ 2+ 2+ 3+ 4 + 
the cation Ag , Mg , Ca , Sr , Ba , Y and Th were 
made on tantalum arseiiate (254). Similar studies were also 
been made. The distribution of an ion between the exchanger 
and solution phases can give a direct measure of their rela-
tive selectivities. Often, the ion exchanger takes up certain 
ions in preference to other counter ions present. This sele-
ctivity depends mainly on. 
1. The Donnan potential. 
2. Sieve action. 
3. Complex formation. 
An inorganic ion exchanger can be prepared by intro-
ducing triethylamine group into the hydrous oxide of a 
trivalent or tetravalent metal ion. The amine group may also 
act as a chelating group to certain cations and hence such a 
material may be useful in two ways: (1) as anion exchanger 
and (ii) a chelating exchanger. 
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Chelating ion exchangers show a definite selectivity 
towards certain ions or groups of ions. Thus the chelating 
ion exchanger may provide a convenient technique for the 
analytical concentrations of many of the more interesting 
trace elements from natural waters and collection of toxic 
elements from industrial waste waters. The selectivity of 
most complexing agents resides predominantly in their ability 
to form chelates with certain cations. The maximum efficiency 
in the separation can be achieved by variation of the pH. 
Therefore the development of complexing ion exchangers have 
taken place, where complexatior. equilibria plays an important 
role, such studies can be directed to follov/ing three cate-
gories : 
(i) An ion exchanger is used in appropriate metal ion form 
and the complexing agent is present as a solute in the 
liquid phase. 
(ii) An exchanger containing e. complexing agent functional 
group attached to the matrix, is used and the metal 
ion is present in the liquid phase. 
iii) The solid phase is a chelating and the liquid phase 
also contain a complexinc agent as solute. 
Implementation of the fi.rst and second possibilities 
will involve directly the metal complex equilibria, but in 
heterogeneous phase, whereas the third possibility is 
mainly advantageous of chelate exchange systems. In This 
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field the succ;essful efforts have been made by Bayer and 
Cov/orkers (255-258). Blausius and coworkers (259-268), 
Gregor and Cov/orkers (262-267)and many others (269-297). 
A complex has been defined as "a species formed by 
the association of two or more simpler species each capa-
ble of independent existence"(298). When one of the simpler 
species is a metal ion, the resulting entity is known as 
metal complex. The metal ion occupies the central position. 
When the central metal atom of a complex is bound to 
its immediate neighbours by covalent bonds by accepting an 
electron pair from each nonmetal atom, the metal ion is 
called the acceptor atom and the nonmetal ion, donor atom, 
A more generally used convention is to call the non metal 
ion which is attached to metal ion, ligand (L) and the 
bond between them, metal-ligand bond (M-L) , According to 
lewis concept this is regarded as an acid base reaction 
where the central metal ion is the lewis acid and the 
ligand is the lewis base. -
Some ligands are attached to the metal atom by more 
than one donor atom in such a manner as to form a hetero-
cyclic ring. This type of ring has been given a special 
name "chelate ring" and the molecule or ion from which it 
is formed is known as chelating agent. The process of 
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forming a chelate ring is known as chelation. An example of 
such a ring is the one formed in fig. 1 by the glycinate ion, 
H^C - NH^ 
C= C - 0 
Cu 
.NH^ - CH^ 
0 C=0 
The first chelating moleculeswere discovered by 
Morgen and Drew (299) with donor atoms and it was the 
Caliper like mode of attachment of the molecule to the 
metal atom. 
Metal chelates may be examined from atleast three 
points of view. 
1. the central metal ion 
2. the chelating molecule. 
3. the nature of the bonds linking (l) and (2), and the 
influence of each and all of these on the behavior of 
the metal chelate as a whole. 
If a molecule is to function as a chelating agent/ 
it must fulfil at least two conditions: 
1. It must possess at least two appropriate functional 
groups/ the donor atoms of which are capable of combi-
ning with a metal atom by donating a pair of electrons. 
These electrons may be contributed by basic coordinating 
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groups such as NH_ or acidic groups that have lost a 
proton. Some acidic groups that combine with metal 
atoms by the replacement of hydrogen are: 
- CCOH 
- SC3H 
OH (enolic and phenolic) 
. H 
- NCT 
- SH 
Coordinating groups include: 
0 
NH^ 
NH 
N=0 
— 
= 
-
_ 
0 - R 
NOH 
OH (alcohol ic) 
S - ( t h i o e t h e r ) 
2. These functional groups must be so situated in the 
molecule that they permit the formation of a ring 
with a metal atom as the closing member. 
Sometimes these two conditions are not always suffi-
cient for the formation of chelate ring. Under some condi-
tions, for example, in solutions of sufficiently low pH, a 
potential chelating molecule may attach itself to a metal 
atom through only one ligand atom (300). 
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Accordin(3 to Gregor et al. (273), the following pro-
perties are required for a chelate exchanger. 
1. The chelat:.ng agent should yield a resin gel of suffi-
cient stab:Llity. 
2. The chelating molecule must possess sufficient chemical 
stability. So that during the synthesis of the resin 
the functicnal structure is not changed by polymeri-
zation or any other reaction. 
3. The steric structure of the chelating molecule should 
be compact, so that the formation of the chelate rings 
will not b«: hindered by the matrix. 
4. Because the agents forming relatively stable complexes 
are at least tridentate, it is necessary that the ligand 
groups of the chelating molecule be situated appropria-
tely, so that the specific arrangement of the ligand 
will be preserved in the resin. 
The complex formation in such reactions is based, 
mainly on the use of N, S, P, As, 0 as donor atoms. For the 
formation of coordination bonding, a donor atom must be an 
element of high electronegativity. 
So far, only the simplest type of chelating molecule 
has been discussed - the type that is attached to metal 
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atoms by two donor or ligand atoms. There are, however, 
many molecules v/ith three or more donor atoms capable of 
combining with metal atoms and forming interlocking or 
fused chelate rings. According to the number of donor atoms 
capable of combining with a metal atom, these are called 
tridentate, quadridentate, quinquedentate, sexadentate 
and octadentate chelating molecules respectively. In 
forming a metal chelate, a multidentate chelating agent 
may not use all its donor atoms. 
Chelate exchangers that contain only nitrogen as 
ligand atom is comparatively small. Gold and Gregor (269) 
have prepared a chelating exchanger that contains aromatic 
nitrogen as the only functional chelation proceeds with 
eopper(I) and Silver(l). 
Chelating ion exchangers with nitrogen and oxygen as 
donor atoms have been prepared in large group. Klyachko(3 01). 
prepared a material by fixing EDTA as a solid solution within 
a phenolformaldehyde condensate. Many workers prepared such 
materials by fixing ligands to the benzene nucleus of the 
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crosslinked polystyrene" . Blasius (261) prepared such 
materials by the reaction of chloromethylated polystyrene 
with various aliphatic amines and stamberg (294,297) 
prepared several resins, with vicinal dioxime groups using 
polystyrene as starting material. Incorporation of thiol 
groups has also been applied to prepare such materials 
(272/92) with sulphur as the sole donor atom. 
The theory of complex formation on chelating exchan-
gers is a field needing further extensive study. The use 
of a chelating resins in analytical chemistry appears to 
be of advantage either when the separation problem cannot 
be solved by simpler means or when time can be saved. 
The reagents which form metal chelates are found 
important both in qualitative as well as in quantitative 
analysis.Dimethylglyoxime, 8-hydroxyquinoline, cupferron, 
Fehling solution, 0-phenthroline and aluminon are examples 
of substances v;hich are indispensable in analytical separa-
tions and precipitations. In physiological chemistry the 
chelate compounds are useful in the biuret reaction, in 
the amino acid salts of the heavy metals chlorophyll, blood 
pigment, and cytochrome are special chelates v/hich play an 
important role in life processes, "Two very important chelate 
compounds, the alkali metal salts of ethylenediamine tetra-
acetic acid and the condensed phosphates are used v;here 
the removal of metallic ions are required such as the sof-
tening of water, negative catalysis, and clarification of 
solutions. 
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The ace:ylacetonates of metals are cyclic complexes 
which are widely used in the purification of metals because 
of their high volatility and solubility in non-polar sol-
vents. Chelating agents in connection with cation exchange 
resins and soi.vent extraction are useful in the separation 
of radioactive metals. 
Some of the important exchangers have been summarised 
in Table 1.2 
Table "1.2 
Some of the Important chalate exchange resins 
Si) 
S.No. Type of Exchanger Sorption 
Capacity 
m mole/g 
Selectivity Refs 
1. Oxime and diethylamino 2.00 
resin 
2. 8-hydroxyquinoline and -
8-hydroxyquinodine 
resin 
3. 0-hydroxyoxime resin 
4. Thioglycolate resin 
5. Aminoacid type resin 
6. Phosphate type resin 
7. N-Acylphenyl hydro- 0.4 5 
xylamines 
8. Aluminium oxide 
9. Alumina and Silica gel 
10. Microreticular resin 
11. Cellulosic exchanger 
12. Cation exchange resin 
13. Sulphonatecfitype resin 
14. Carboxylic ion exchanger 
15. Chilosan 
16. Dithiocarbamate 
17. Acrylic resin 
18. Semithiocarbazide 
Cu(ll) 
Cu(Il), Zn(II) 
Cu(ll), Mo (VI) 
A g d ) , Bi(IIl),Sn(IV) 
Sb(Ill) , Hg(Il) ,U(VI) 
from pH = 3.5 
U(VI), Cu(II), Ni(II) 
Fe(lII) 
U(VI), Th(IV) 
NH4 
Ag(l) 
Ag(l) 
Sb(IIl), CoCll) 
Zn(II) 
Ni(II) 
CoCen)^"^ 
Cu(II) 
Cu(II) 
Cu(ll) 
Pb(ll), Pt(lV), 
Rh(III), Ir(III) 
302 
303 
304 
305 
306 
306 
307 
308 
309 
310 
311 
311 
312 
313 
314 
315 
316 
317 
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Sorption 
S.No. Type of Exchanger Capacity Selectivity Refs, 
m mole/g 
19. Poly(Vinylbezylthio- 819 mg/g Au(III) 318 
urea) 
20. Poly(hydroxamic acid) - Cu(II), Cd(II), 319 
Zn{ll) 
21. Chelating resin - Mo(VI), W(VI) 320 
U(VI), V(II) 
22. Chelating resin 1.9 Cu(II) 324 
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The present work was undertaken to synthesize a nev/ 
ion exchange material/ stannic phthalophosphate, to carry 
out experiments for its physical characterization, to study 
its ion exchange behaviour with special reference to sele-
ctivity for heavy metal ions and to study the ion exchange 
equilibria applying the laws of reversible thermodynamics, 
for alkaline earth metal ions. Experiments were also carried 
out to determine thermodynamic parameters AH, As & A c . 
The work was extended to prepare a new chelate ion 
exchanger, tin thioglycolate, to carry out experiments for 
its physical characterization and to study the selective 
behaviour on the basis of complex formation with mercury(II) 
and to study the reproducibility for quantitative separa-
tion. 
To study the application of inorganic ion exchanger 
the ferroin sorbed zinc silicate was used as an indicator 
in the form of. beads for the selective determination of 
Ce(lV) in presence of rare-earth metal ions. A study of 
reproducibility was also made in order to find the preci-
sion of determinations. 
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CHAPTER - II 
STANNIC PHTHALOPHOSPHATE A NEW CATION EXCHANGER 
FOR THE REMOVAL AND RECOVERY OF Pb(ll) 
Various types of inorganic ion exchangers have been 
reviewed by Amphlett (1)# Pekarek and Veseley (2,3) and 
Walton (4). The attention has also been towards heteropolly 
acid salts. The ion exchange behaviour of stannic molyb-
doarsenate (5), stannic tungstoarsenate (6), zirconium 
phosphosilicate (7), zirconium phthalophosphate (8) and 
others have been studied. In this chapter the synthesis and 
ion exchange behaviour of stannic phthalophosphate, a new 
cation exchanger, have been discussed. The material in 
hydrogen form behaves as a polyfunctional acid. K, values 
are determined for some common metal ions and selectivity 
for lead is utilized for its separation from Cu, Ni, Zn,.Co, 
Sr and Mg. 
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EXPERIMENTAL 
Apparatus : An electric temperature controlled SICO shaker 
and an electric oven were employed for shaking and drying 
respectively. 
Reagents : Stannic chloride (Loba, India), phthalic anhy-
dride (E. Merck) and phosphoric acid (B.D.H.) were used to 
prepare the exchanger. All other chemicals were of reagent 
grade. 
Preparation of the solutions : 
One litre of O.IM stannic chloride solution was prepared 
by dissolving 35.06g of stannic chloride in distilled water. 
To make the solution of O.IM phthalic anhydride 14,81 g of 
phthalic anhydride was dissolved in 1 litre solution of O.IM 
NaOH, 13.48 ml of phosphoric acid was dissolved in two litres 
of water to make the solution of O.IM concentration. 
Synthesis of Ion Exchange Material : 
Stannic phthalophosphate was prepared by mixing O.IM 
stannic chloride and O.IM phthalic anhydride under constant 
stirring. To the product O.IM phosphoric acid was mixed and 
stirred for 15 minutes. The volume ratio of solution are 
given in Table 2.1. The white precipitate was kept standing 
for 24 hrs at room temperature. After that it was filtered. 
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washed and dried in a temperature controlled electric oven at 
40+l°C. The product was broken down into small particles by-
immersing in water. It was washed and dried again at 40+1 C. 
Table 2.1 
Conditions of preparations of stannic phthalophosphate 
Sample 
Molarity of Reagents 
Stannic 
chloride 
Phthalic 
anhydride 
Phosphoric 
acid 
Mixing 
volxHne 
ratio 
Ion Exchange 
Capacity 
SI 0.1 0.1 0.1 1:1:1 0.75 
SII 0.1 0.1 0.1 1:1:2 1.04 
S I I I 
SIV 
SV 
SVI 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
2 : 1 : 1 
1 :2 :2 
2 : 2 : 1 
1 : 2 : 1 
0 .57 
0 .83 
0 .46 
0 . 5 0 
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RESULTS 
Ion Exchange Capacity : 
The ion-exchange capacity of various samples of stannic 
phthalophosphate v/as determined by placing the exchanger in 
hydrogen form in the column with glass wool support. The 
solution of O.IM potassium nitrate was passed through it at 
a flow rate of 0.5 0 ml min . The effluent v.'as collected. The 
hydrogen ions eluted from the column were titrimetrically 
determined with the standard solution of sodium hydroxide 
using phenolphthalien as indicator. The results are summari-
sed in Table 2.1. 
Recyclisation : 
For regeneration the exchanger was converted to H 
form after each use and eluted with IM potassium nitrate and 
then effluent v/as titrated as mentioned above. The change of 
hydrogen liberation capacity of sample II in the course of 
regeneration cycle was studied upto five cycles. The exchange 
capacity for IM K after each cycle was found to be 1.04, 
1.025, 1.00, 0.98 and 0.96 meq/g respectively. A plot of ion-
exchange capacit.y versus number of regeneration cycles is 
shown in fig. 2.1 
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Effect of temperature on ion exchange capacity and weight: 
Dried exchanger was redried at different temperatures 
for 2hrs and ion exchange capacity for IM K ion was 1.04, 
0.94, 0.9, 0.8 at 70°C, 80°C, 90°C, 110°C respectively. 
The weight of 1 g exchanger after drying at 60 C, 
80°C, 90°C, lOO'^ 'c, 110°C, 120°C was 1, 0.9785, 0.9569, 
0.9460, 0.9435, 0.9005 respectively. The results are plotted 
in fig. 2.2 
Chemical stability : 
To determine the solubility of the material, 0.5 g of 
the exchanger was shaken with 5 ml of the solution concerned 
Table 2.2 
Solubility of stannic phthalophosphate 
Sample 
No. 
1. 
2. 
3, 
4. 
6. 
Solvents 
D^ /^J^  
HNO^ (0.1 M) 
HNO (1.0 M) 
Na^CO^ (0.1 
Na,CO_ (1.0 
^ 3 
NaOH (1.0 
M) 
M) 
M) 
Stannic 
(mg) 
0.00 
0.03 
0.2 
0.0 
0.76 
dissolved 
Phosph 
(mg) 
0.00 
0.01 
0.1 
0.00 
1.40 
comple 
ate 
tely 
Phthalate 
(mg) 
0.00 
-
0.05 
0.1 
2.12 
(a) = Demineralised water. 
-..,.." * 
/3^/^ 
7 
1-0 
ObA 
Fig.2.2- Capacity and '/« Weight losses of exchanger 
at different temperatures . 
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in a temperature controlled shaker for six hrs at 30+1 C. 
The Undissolved portion of stannic phthalophosphate was 
removed by filteration. Sn(IV) was determined iodimetrically 
(10)., phthalic acid was determined spectrophotometrically (11), 
phosphate was determined titrimetrically by EDTA (12). The 
results are summarised in Table 2.2. 
Chemical composition : 0.5 g of exchanger was taken with 
concentrated HCl and boiled till the exchanger dissolves. 
For each component: determination, fresh 0.5 gm of exchanger 
was dissolved and determined as follows: 
To determine tin, to the above solution 10-15 ml of 
sulphuric acid and 100 ml of hydrochloric acid were added 
and transferred to a 500 ml Erlenmayer flask, 2-3 gm of zinc 
dust was added and the flask was connected v;ith a constant 
stream of CO . The solution was boiled gently for 30-40 minutes. 
Then the solution was cooled dovm under the stream of CO.. 
After the solution cools to room temperature, it is cooled 
to about 10 C and then 5 ml of starch solution was added. 
It was then titrated v;ith a standard solution of Iodine. 
To determine phosphate a known amount of magnesium is 
added. Ammonium hydroxide is added to the solution dropwise 
until it is in excess. The ppt is removed by filteration which 
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contains stannic hydroxide and magnesium ammonium phosphate 
and the excess of magnesium is determined in filtrate by 
titrating it with EDTA using EBT as indicator. 
To determine phthalic anhydride solid 500 mg exchanger 
was taken in 500 ml Erlenmayer flask. To this 10 ml of benzene 
was added and warmed. Then 100 ml of ethyl alcoholic potassium 
hydroxide solution containing 33 g of KOH per litre of 
alcohol, was added. The flask was stoppered and v/armed at 
45°C for at least 4 hrs. An air condenser was attached to it 
and was refluxed in a v;atsr bath for 1 hr. 150 ml of benzene 
v;as added and was cooled in running water. 
It was filtered through a dry Gooch crucible and 
benzene was used for transferring and washing the precipitated 
salts. The Erlenmayer flask and crucible were dried at 105 C. 
The dried salts were dissolved from the flask and crucible 
in water and diluted to 100 ml in a volumetric flask. Again 
5 ml of solution vras taken from the flask in a 100 ml standard 
flask and make upto the mark by O.IM hydrochloric acid methanol 
water (1:1) solution. Its absorbance was read at 275 m ^ 
using O.IM hydrochloric acid methanol water (1:1) solution 
as blank. 
Ion-exchange potentiometric titrations: 
The pK titration of stannic phthalophosphate were 
performed by the method of Topp and Pepper (9). To perform 
Si 
these titrations O.IN sodium carbonate solution and O.IN 
sodium chloride solution were added in different ratios.. 
The mixing ratio of alXali solution and its salt was taken 
in such a way that the total volume remained 40 ml.0.5 gm 
of stannic phthalophosphate in H form was added in each 
conical flasks. All flasks v;ere shaken at (25+1 C) room 
temperature. The pH of the solution after shaking with 
reaction mixture for 6hrs are given in Table 2.3 and plotted 
in fig. 2.3. 
Table 2.3 
PH titration of stannic phtholophosphate 
Si.No. Volume of O.IN Na2C02(ml) pH 
1. 0 2.2 
2. 4 3.3 
3. 8 4.9 
4. 12 6.7 
5. 16 7.5 
6. 20 7.7 
7. 24 8.5 
8. 28 8.5 
9. 32 8.5 
10. 36 8,8 
11. 4 0 8.8 
8 0 
X 
0-
4 8 12 16 20 24 28 32 36 4 0 
Volume of IN alkal i added ( ml ) 
Fig . 2.3 - P H t i t rat ion curve of stonnic phthalophosphote 
using 0-1 N NaC( •O IN Na2C03 solutions . 
S3 
IR - analysis s The IR - spectrum of the material dried 
at 40 C was obtcBined using standared Nujol mull technique 
(fig. 2.4) 
Distribution coefficients : 
The distribution studies were carried out for metal 
ions by batch process in usual manner. A known amount of 
cation solution was shaken for six hrs at room temperature 
with 0,5 gm of exchanger in a conical flask containing the 
solutions in which the distribution studies are studied. The 
total volume in all the cases was 50 ml. The supernate was 
drained off and metal ions remaining in the solution were 
determined titrimetrically with a standard EDTA solution. 
The distribution coefficients, K, values, for metal ions 
were calculated by using the following equation. 
I - F 50 
Y = X rnl g""-^  
^ F 0.5 
Where I and F are the volumes in ml of EDTA consumed before 
and after equilibrium respectively. The results of K values 
of different metal ions are summarized in Table 2.4 
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Table 2.4 
K-, values of different metal ions d 
Metal ions K, values 
(ml g"-^ ) 
Ag 3160.00 
Hg 2680.00 
Cu 820.00 
Ni 12.90 
Co 21.90 
Fe 3.00 
Sr 184.00 
Ga 165.00 
Pb 3400.00 
V 13.30 
Zn 184.00 
Mg 13.30 
Sorption capacity : To determine soprtion capacity of the 
exchanger 0.5 gm of exchanger v/as shaken with 20 ml of lead 
nitrate solution for six hrs. After six hrs lead remained 
in the supernatant solution was determined then the sorption 
capacity was calculated by difference between initial and 
final values. The maximum sorption capacity for lead was 
found to be 1.3 0 meq gm"" . 
St) 
Uptake of Pb(II) from very dilute solutions: 
Dilute solutions of lead nitrate \vere shaken with 0.5 gm 
of stannic phthalophosphate. Then the amount of Pb(II) was 
determined in the solution. Amount of Pb(Il) taken up by 
the exchanger was determined by the difference. The results 
are summarized in Table 2.5(a)/ 2.5(b) and 2.5(c). 
Table 2.5 (a) 
Uptake of Pb(II) by stannic phthalophosphate from 
solutions of different concentrations 
S i . Cone , of Pb 
No. 
Ko. of meq. 
of Pb 
T o t a l volume S o r p t i o n 
of s o l u t i o n c a p a c i t y 
m e q / 0 . 5 gm 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
0 . 0 0 1 
0 .005 
0 . 0 1 
0 .02 
0 .05 
0 . 0 8 
0 . 1 
0 .02 
0 . 1 
0 .2 
0 .4 
1.0 
1.6 
2iO 
2 0 ml 0 . 0 2 0 6 
0 .104 
0 .204 
0 .327 
0 .49 
0 .65 
0 .65 
Table 2.5 (b) 
Uptake of P b ( I I ) a t lower c o n c e n t r a t i o n s 
!<7 
Si. Cone, of Pb. No. of meq. Total volume 
of Pb 
Sorption 
capacity 
meq/0.5 gm 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
1x10 -4 
2x10 -
4x10 -4 
6x10 -4 
8x10 
10x10 
-4 
-4 
50x10 "A 
0.1 
0.2 
0.4 
0.6 
0.8 
1.0 
5.0 
1000 0.05 
0.06 
0.09 
0.10 
0.14 
0.14 
0.60 
Table 2.5 (c) 
Uptake of ?b(II) from solutions containing same amount 
of Pb(Il) at various concentrations 
Si. Cone, of Pb, 
No. 
No. of meq, 
of Pb 
Total volume Sorption 
capacity 
meq/0.5 gm 
1 . 
2 . 
J . 
4 . 
5 . 
6 . 
0 . 0 0 5 
0 . 0 1 
0 . 0 2 
0 . 0 5 
0 . 0 8 
0 . 1 
1 0 0 0 . 0 
5 0 0 . 0 
250 . 0 
IOC . 0 
6 2 . 5 
5 0 . 0 
5 
5 
5 
5 
5 
5 
0.60 
0.65 
0.65 
0.65 
0.65 
0.64 
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Rate of sorption : 
The rate of sorption v;as determined by taking 1 gm of 
exchanger in stoppered conical flasks and shaking thoroughly 
with the solution of lead nitrate in a shaker. 7-ifter appro-
priate intervals of time, the contents of the flasks v;ere 
filtered and titrated against EDTA. The results are given 
in Table 2.6 and are plotted in fig. 2.5. 
Table 2.6 
Rate of sorption of Pb(ll) " 
Time Initial amount of Amount of Pb(II) 
min. Pb(Il) (m. moles) absorbed (m.moles) 
0 2.00 0.00 
2 2.00 0.51 
5 2.00 0.65 
8 2.00 0.83 
10 2.00 l.CO 
20 2.00 1.25 
40 2.00 1.3C 
60 2.00 1.30 
80 2.00 1.30 
100 2.00 1.30 
120 2.00 1.30 
Separations : 
To develop the analytical utility of the ion exchanger, 
separation studies v/ere performed. 1 g of stannic phthalo-
a J 
a. 
c 
o 
o 
o 
•4-* 
o 
I 
ir> 
( l l )qd >o sa|ouj-uj 
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phosphate in hydrogen form was taken in a glass column 
having a height of 3 0 cm and diameter of 0.69 cm. It was 
regenerated with 1 M nitric acid and washed v;ith deionized 
water. A known amount of cation solution was transferred 
to the column and was allowed to be absorbed on the 
exchanger particles for 2 hrs by repeated recyclization 
of solution until all the metal ion is absorbed on the 
exchanger. The exchanger is v/ashed so that excess of metal 
ion may not be there. 1.OM nitric acid was passed on the 
exchanger and effluent was collected in 5 ml fractions at 
Table 2.7 
Some Separations on Stannic Phthalophosphate Columns 
Si. Separation Eluents Amounts of Amount of % 
No. cations cation Error 
loaded recovered 
Co(II) 
Pb(II) 
Ni(II) 
Pb(II) 
Zn(II) 
Pb(Il) 
Sr(II) 
Pb(II) 
Cu(II) 
Pb(II) 
Mg(II) 
?b(Il) 
Cu(II), 
Zn(II) , 
PbClI) 
Ni(ll) 
Co(Il) 
IM 
5M 
IM 
5xM 
IM 
5M 
IM 
5M 
IM 
5M 
IM 
5M 
IM 
5M 
HNO, 
KI 
HKO, 
KI 
HNO 
KI 
HNO, 
KI 
UNO 
KI 
HNO, 
KI 
HNO, 
KI 
2 . 1 2 2 . 0 9 2 1 . 3 1 
2 . 4 4 2 . 4 6 5 - 1 . 0 2 4 
3 . 3 3 3 . 3 6 - 0 . 9 0 0 
4 . 3 6 4 . 3 3 0 . 6 8 8 
3 . 2 7 3 . 3 0 - n . 9 l 7 
0 . 7 3 0 . 7 1 1 .36 
2 . 7 0 2 . 6 6 1 . 4 8 
SI 
a flow rate of 0.5 ml/min and in each fraction the deter-
mination of cation v/as done separately. The separation of 
Pb(Il) from Cu, Ni, Zn, Co v/as achieved by passing a mixture 
of all the metal ions in equal amounts with ?b. The am.ount 
of Pb remains i.n the column v/hereas the effluent contains 
rests of the total ions. To elute Pb a concentrated KI 
solution was used. The solution of 5M KI is passed through 
the exchanger cind the effluent is titrated with EDTA after 
ammonium tartarate is added using EBT as indicator. Some 
separations on stannic phthalophosphate are summarised 
in Table 2.7. Some binary separations are shown in fig. 2,6-
2.11. 
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DISCUSSION 
Stannic phthalophosphate possesses a good cation 
exchange capacity,good stability and differential selecti-
vity and hence can be used for ion-exchange studies. It 
is selective to lead and can take lead from a mixture of 
common interfering metals. Thus this can be used for removal 
and recovery of lead(ll). 
The ion exchange capacity of various samples of 
stannic phthalophosphate was determined and the results 
show that it works as a cation exchanger. Table 2,1 
shov/ that for various samples prepared under different 
conditions possess different capacities. So sample No II 
was selected for the rest of the studies because of its 
high capacity. 
The change of hydrogen liberation capacity of sample 
in course of regeneration cycle was studied upto five cycles. 
Determination of capacity after recycling showed that there 
was a very little loss in capacity, therefore, the same 
column of ion-exchanger may be used again and again. 
The effect of drying temperature on stannic phthalo-
phosphate indicates that the capacity and weight depends upon 
the drying temperature and hence it is not advisable to dry 
the exchanger at a temperature higher than 70 C. 
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To determine the stability of the material, the disso-
lution of its components in various systems were estimated. 
The compound is s-able in neutral medium. High concentrations 
of acids and bases make the material less stable. However, 
the material can be used in slightly acidic and basic media 
without appreciable loss. 
The chemical composition of the material was found to 
be CgH^(C00)2: Sn : PO^ = 1:4:6. 
The results of pH titration curve of the exchanger 
in H form reveal that the material behaves as a polyfunctional 
weak acid. The equivalence point is determined by the inflec-
tion point but since the exchanger in H form show a poly-
functional weak acid character, the equivalence point can 
not be identified with fair degree of certainty. 
It is quite evident from the IR spectrum plotted in 
fig. 2.4 that the exchanger stannic phthalophosphate exhibits 
phthalate, phosphate groups with the metal. It confirms that 
in the formation of this exchanger the phthalate and phosphate 
ion is bonded with the metal forming the matrix. The structure 
of stannic phthalophosphate complex is highly complicated. An 
indication of possible structure may be discussed in the light 
of IR-spectrum of the compound. 
In the present study of stannic phthalophosphate the 
IR spectrum shovjs a broad band between 34 00-3200 cm which 
.Q7 
_1 
is due to OK vibration, another band betv/een 3200-2800 cm 
v/hich is due to C-H vibration. 
_1 
There are three peaks at 1765, 1260 and 1110 cm in 
the neat sample o:: phthaiic acid/ which are due to phthalate 
group. However, when phthaiic acid is complexed with stannic 
salt to give the exchanger complex, one band is seen between 
-1 -1 
1600-1640 cm and a very broad band between 970-1110 cm 
-3 
which is due to PO^ v;hich perhaps masks the other two peaks 
of phthalate group. 
The results of Table 2.5(a) indicate that as the con-
centration increases the uptake also increases and reaches 
to the sorption capacity limit at 0.08M concentration. At 
very low concentration the uptake does not reach to the 
sorption capacity value e.g. at a concentration of O.OOOIM 
it gives a sorption of nearly one twelveth of sorption 
capacity (Table 2,5(b)). The sorption capacity remains 
constant till 0.005H concentration provided the number oi 
meq added are more than the required amount 2,5(c). 
The analytical importance of stannic phthalophosphate 
can be deduced from the result of K, values. The study of 
distribution coefficients reveals that this material posse-
sess differential selectivity for metal ions (Table 2.4). 
The results also reveal that the exchanger shows a high 
f*8 
preference for lead(II) and takes it selectivily in pre-
ference to Cu(II), Ni(Il), Zn(II), Co(ll), Sr(Il) and 
Mg(ll). Therefore the separation of these metal ions from 
lead(II) can be practically achieved. The results show that 
when either individually or combined the metal ions Cu(II), 
N i d i ) , Zn(II) and Co(II) mixed with pb(Il) are passed over 
the column of stannic phthalophosphate exchanger lead(II) 
is taken firmly by the exchanger to its maximum sorption 
capacity and the other metal ions are eluted by 1.00 molar 
nitric acid whila Pb(Il) is eluted by the solution of 5M 
potassium iodide. Thus removal and recovery of Pb(II) from 
a mixture of sucti common metal ions may be affected by 
stannic phthalophosphate. 
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CHAPTER - III 
ION-EXCHANGE EQUILIBRIA OF ALKALINE EARTH METAL 
IONS ON STANNIC PHTHALOPHOSPHATE 
Equilibria between ion-exchangers and solutions is 
being studied v/ith great interest. In recent years several 
theories of ion-exchange equilibria have been developed 
and tried on a number of inorganic ion-exchangers. The ion-
exchange ecruilibrium studies on amorphous zirconium phos-
phate of various compositions and properties have been 
reported by Larsen and Vissers (1) and Ruvarac (2) for alkali 
metal ions. Some admirable studies of ion-exchange thermo-
dynamics on semi-crystalline and crystalline zirconium 
phosphate have been made by Amphlett, Alberti, Noncollas 
and Dyer at different temperatures with various crysta-
llinities of material for Li / Na , K , Cs and Rb (3-9), 
M, Abe, Larsen and Cilley performed the studies of ion-
exchange equilibrium on zirconium phosphate (10-13) and 
cerium phosphate (14) respectively. Baetsle (15) and Ruvarac(16) 
+ 2 +2 +3 
reported the ion exchange equilibria for Ca , Sr / Ce , 
4-3 O 
and Eu with hydrogen ions at a temperature 5-70 C on 
zirconyl phosphate. 
This chapter describes the influence of temperature 
+ 2 +2 4-2 
on t h e i o n - e x c h a n g e e q u i l i b r i a of Mg , Ca / S r , and 
102 
+ 2 + Ba with H on stannic phthalophosphate at constant ionic 
strength within the temperature range from 30 to 60 C. A 
simple approach has been applied and the thermodynamic 
parameters are calculated. 
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EXPERIMENTAL 
Reagents : 
Stannic Chloride (Loba,India), phthalic anhydride 
(E.Merck) and phosphoric acid (B.D.H.) were used to 
prepare the exchanger. All other chemicals were of reagent 
grade. 
Synthesis : 
The ion echanger stannic phthalophosphate was 
prepared by mixing O.lM stannic chloride and O.lM phthalic 
anhydride under constant stirring. To the product O.lM 
phosphoric pcid was mixed and stirred for 15 minutes. The 
volurae ratic of solutions was 1:1:2. The precipitate was 
kept standing for 24 hrs at room temperature. After that 
it was filtered and dried at 40_+l C. The product was broken 
down into small particles by immersing in de-ionized water. 
The exchanger granules were then converted to H form by 
treating with O.lM solution of HCl. Finally it was washed 
several times and dried at 40 C. 
Procedure : 
The equilibrium experiments were performed by shaking 
20 ml solution containing hydrochloric acid solution and 
approp-iate alkaline earth metal solutions having constant ionic 
strength 0.10 in stoppered conical flasks. To this 0.5 gm 
ly 
of exchanger in hydrogen form was added and flasks were 
shaken thoroughly in a temperature controlled shaker for 
6 hours at desired temperatures. Experiments showed that 
equilibrium v/as attained v/ithin this period and aliquotes 
from supernatant solutions were analyzed for hydrogen ions 
concentration by titrating against standard NaOH solution. 
ir i5 
RESULTS 
The exchange isotherms for various cations at different 
temperatures are plotted in fig. 3.1-3.4. 
The results of ionic fractions of metal ions/ sele-
ctivity coefficients and thermodynamic equilibrium constants 
as calculated bv Gaines and Thomas method are given in 
Table 3.1 to 3.4. 
Table - 3.1 
IONIC FRACTIONS OF Mg"^ ,^ SELECTIVITY COEFFICIENTS AND THERMO-
DYNAl^ IC EQUILIBRIUM CONSTANTS FOR Mg"*" -H"^ EXCHANGE Q N STANNIC 
PHTHALOPHOSPHATE 
S . N o . 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
%lg 
0 . 1 4 : . 3 
0 .0&96 
0 . 0 4 5 1 
0 . 0 3 1 0 
0 . 0 2 1 9 
O . O I B I 
0 . 0 1 4 9 
0 . 0 1 6 1 
0 . 0 0 9 5 
0 . 0 0 5 9 
^ g 
( a ) Mg"*" -^
0 . 8 0 8 2 
0 . 6 7 2 9 
0 . 5 4 2 6 
0 . 4 2 5 4 
0 . 3 3 0 9 
0 . 2 4 9 0 
0 . 1 8 5 2 
0 . 1 2 5 8 
0 . 0 7 6 7 
0 . 0 3 5 4 
K 
c 
-H"*" a t 
2 . 5 1 
4 . 8 6 
7 . 0 6 
1 .12 
1 . 5 6 
2 . 8 5 
3 . 9 9 
5 . 8 1 
1 . 1 7 
1 .97 
3 0+l°C 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1 0 - ^ 
1 0 - ^ 
1 0 - ^ 
1 0 - 4 
lo--^ 
1 0 - 4 
1 0 - 4 
1 0 - 4 
1 0 - 3 
_3 
10 -^  
K 
a 
1.2 X 1 0 " 4 
10» 
V) 
nj 
a 
en 
c 
t j 
J : 
(J 
K 
C 
o 
CM 
• 
o 
M 
C 
g 
o 
I X 
c 
«t 
rt 
> 
'5 
cr 
UJ 
1.0 
0.8 
0.6 
0.4 
0.2 
O - a t 3 0 ° C 
A - a t 4 5 ° C 
- _ a t 6 0 ° C 
0.2 
Equivalent f ract ions of Mg*2 ion in solut ion phase 
Fig.3.1- Ion exchange isotherm of Mg*2 ion on stannic 
phthalophosphate. 
S .No, 
T a b l e 3 . 1 ( c o n t i n u e d ) 
\ l g ^' •ig 
K 
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K 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 1 8 1 6 
0 . 1 1 0 9 
0 . 0 9 6 1 
0 . 0 6 1 3 
0 . 0 4 9 5 
0 . 0 4 0 1 
0 . 0 3 5 6 
0 . 0 1 6 1 
0 . 0 1 2 2 
0 . 0 0 7 5 
(b ) Mq'^^-H"'" a t 4 5 + l ^ C 
0 . 7 6 2 0 
0 . 64 11 
0 . 5 0 2 7 
0 . 4 0 5 5 
0 . 3 1 4 0 
0 . 2 3 8 5 
0 . 1 7 3 0 
0 . 1 2 0 7 
0 . 0 7 5 8 
0 . 0 3 5 0 
7 . 1 6 X 10 - 5 
1 . 0 0 X 10 - 4 
2 . 4 7 X 10 - 4 
2 . 9 9 X 10 -4 
4 . 9 6 X 10 -4 
7 . 6 5 X 10 
1 .26 X 10 - 3 
1 .57 X 10 - 3 
1.54 X 10 
2 . 5 4 X 10 - 3 
2 . 9 X 10 -4 
( c ) Mg"*"^-H^ a t 6 0 + l ° C 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 2 3 1 6 
0 . 1 7 8 1 
0 . 1 2 5 4 
0 . 1 0 4 3 
0 . 0 8 2 2 
0 . 0 6 1 9 
0 . 0 4 9 3 
0 . 0 4 0 1 
0 . 0 2 1 3 
0 . 0 1 2 9 
0 . 7 0 5 7 
0 . 6 2 5 4 
0 . 4 8 0 5 
0 . 3 7 8 7 
0 , 2 9 6 9 
0 . 2 2 9 1 
0 . 1 6 7 7 
0 . 1 1 4 5 
• 0 . 0 7 3 6 
0 . 0 3 0 1 
2 . 2 6 
3 . 5 9 
4 . 5 9 
7 . 7 6 
1 . 0 9 
1 .35 
1 . 9 8 
3 . 0 3 
2 . 7 0 
5 . 6 6 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1 0 - ^ 
1 0 - ^ 
1 0 - ^ 
1 0 - 4 
1 0 - 2 
1 0 - 2 
1 0 - 2 
1 0 - 2 
1 0 - 2 
1 0 - 2 
1.4 X 1 0 - 2 
i n s 
T a b l e - 3 . 2 
IONIC FRACTIONS OF Ca"*"^, SELECTIVITY COEFFICIENTS AND 
TKERi-lODYNAMIC EQUILIBRIUM CONSTANTS FOR Ca'^^-K"'" EXCHANGE 
ON STANNIC PHTR'^-LOPHOSPMATE 
S . N o . X^ X^ K t<r Ca Ca c ' a 
( a ) Ca'^^-H'^ a t 3 0 + l ° C 
1 . 0 . 2 0 1 4 0 . 7 3 8 9 1 . 2 8 x lO"'^ 
2 . 0 . 1 5 6 1 0 . 6 0 4 1 2 . 6 1 x l O ' ' ^ 
3 . 0 . 1 2 4 3 0 . 4 8 3 0 4 . 7 4 x lO""^ 
4 . 0 . 0 8 5 6 0 . 3 9 0 7 5 . 8 5 x lO"'^ 
5 . 0 . 0 5 2 9 0 . 3 1 3 7 5 . 8 7 x lO"'^ 5 . 8 1 x lO"'* 
6 . 0 . 0 3 5 8 0 . 2 4 0 9 7 . 0 7 x l O " ^ 
7 . 0 . 0 3 0 4 0 . 1 7 7 9 9 . 4 5 x lO""^ 
8 . 0 . 0 2 5 1 0 . 1 2 1 3 1 . 0 5 x l O " ^ 
9 . 0 . 0 0 7 5 0 . 0 7 4 4 1 . 3 0 x lO'"^ 
1 0 . 0 . 0 0 2 5 0 . 0 3 5 7 1 . 8 0 x lO""^ 
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Fig . 3 . 2 - Ion exchange isotherm of Ca*^ ion on s t a n n i c -
phthalophosphote . 
Table - 3.2 (continued) 
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S . N o . X Ca X Ca K K 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
(b) Ca '^^ -H^ a t 4 5 + l ° C 
0 . 2 4 5 1 
0 . 1 9 3 7 
0 . 1 4 81 
0 . 1 1 3 0 
0 . 0 7 6 5 
0 . 0 5 ^ 0 
0 . 0 4 62 
0 . 0 2 6 4 
0 . 0 1 5 9 
0 . 0 0 5 3 
0 . 6 8 8 6 
0 . 5 6 6 6 
0 . 4 6 4 0 
0 . 3 7 1 9 
0 . 2 9 9 9 
0 . 2 3 1 5 
0 . 1 7 1 4 
0 . 1 2 0 1 
0 . 0 7 4 6 
0 . 0 3 3 6 
3.49 X 10 -4 
5.70 X 10 -4 
7.08 X 10 -4 
1.04 X 10 -3 
1.06 X 10 -3 
1.31 X 10'^ 
1.66 X lO"" 
1.92 X 10 -3 
2.18 X 10 -3 
2.48 X 10 -3 
1.32 X 10 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
0 . 2 9 5 0 
0 . 2 3 5 1 
0 . 1 9 7 3 
0 . 1 4 9 2 
0 . 1 2 1 4 
0 . 0 7 5 6 
0 . 0 5 5 1 
0 . 04 3 2 
0 . 0 2 4 5 
0 . 0 1 5 6 
(c) Ca'^ -^H'*' at 60-)-l°C 
0.6398 
0.5305 
0.4328 
0.3561 
0.2873 
0.2203 
0,1659 
0.1150 
0.0734 
0.0327 
1.01 X 10 
1.22 X 10 
-3 
-3 
1.60 X 10 -3 
1.65 X 10 -3 
1.74 X 10 -3 
2.15 X 10 -3 
2.59 X 10 
3.35 X 10 -3 
4.09 X 10 
6.35 X 10 
-3 
-3 
2.99 X 10 -3 
I l l 
T a b l e - 3 . 3 
IONIC FRACTIONS OF Sr"^ , SELECTIVITY COEFFICIENTS AND THERMO-
DYNAMIC EQUILIBRIUM CONSTANTS FOR Sr"*" -H"^ EXCHANGE ON STANNIC 
PHTI-iALOPHOSPH/\TE 
S-^^°- >^sr ^ S r ^^c ^a 
( a ) Sr'^^-H'*' a t 3 0 + l ° C 
1 . 0 . 1 9 7 5 0 . 7 5 0 5 1 . 0 7 x l O " ^ 
2 . 0 . 1 2 5 9 0 . 6 3 0 4 1 . 5 8 x lO"'^ 
3 . 0 . 0 9 3 2 0 . 5 0 9 5 2 . 6 2 x 10~^ 
4 . 0 . 0 7 5 1 0 . 3 8 2 3 5 . 0 8 x lO"'^ 
5 . 0 . 0 6 3 2 0 . 3 1 0 0 8 . 1 0 x l O " ^ 5 . 6 2 x lO"'^ 
6 . 0 . 0 5 9 1 0 . 2 3 5 4 1 . 1 9 x 1 0 ~ ^ 
7 . 0 . 0 4 7 2 0 . 1 7 3 7 1 . 6 9 x l O " ^ 
8 . 0 . 0 3 0 9 0 . 1 1 8 5 2 . 4 5 x l O " ^ 
9 . 0 , 0 2 5 2 0 . 0 7 2 9 3 . 9 9 x lO""^ 
1 0 . 0 . 0 1 1 3 0 . 0 3 4 1 4 . 1 8 x lO""^ 
1 4 
w 
s: 
a 
k . 
a> 
c 
£ 
u 
X 
c 
c 
o 
• 
I. 
10 
«•-
o 
w> 
c 
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u 
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> 
'5 
tJj 
I X 
1.0 
0.8 
0.6 
0.4 
O - a t 30OC 
A - a t 4 5 ° C 
• -at60°C 
1.0 
Equivalent fractions of Sr^'^ion in solution phase 
Fig. 3.3- Ion exchange isotherm of Sr*2 ion on stannic 
phthalophosphate. 
Table - 3.3 (continued) 
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S . N o . X. X, S r K K 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
(b ) S r ' - ^ - H ^ a t 4 5 + l ° C 
0.2351 
0.1509 
0.1152 
0.1?46 
0.0891 
0.0725 
0.0692 
0.04 21 
0.0235 
0.0151 
0 . 7 0 5 7 
0 . 5 9 7 7 
0 . 4 9 1 2 
0 . 3 8 1 3 
0 . 2 9 9 9 
0 . 2 2 4 6 
0 . 1 6 4 6 
0 . 1 1 4 8 
0 . 0 7 3 9 
0 . 0 3 3 1 
2.68 X 10 
3.62 X 10 
-4 
-4 
3.84 X 10 -4 
8.45 X 10 -4 
1.21 X 10 -3 
2.10 X 10 -3 
3.07 X 10 -3 
3.58 X 10 -3 
4.52 X 10 -3 
6.65 X 10 -3 
(c) Sr'^ -^Ii'^  at 60+l°C 
0.2707 
0.2 175 
0.1539 
0.1254 
0.1192 
0.0614 
0.0656 
0.0542 
0.0339 
0.0256 
0.6631 
0.5530 
0.4637 
0.3676 
0.3198 
0.2206 
0.1635 
0.1125 
0.0704 
0.0300 
6.35 X 10 -4 
8.17 X 10' 
_/i 
8.39 X 10 -4 
1.32 X 10 
1.81 X 10 
-3 
-3 
2.49 X 10 
3.09 X 10 -3 
4.73 X 10 -3 
5.66-:x 10 -3 
1.27 X 10 -2 
1.28 X 10 -3 
3.32 X 10 -3 
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Table - 3.4 
+ 2 
IONIC FRACTIONS OF Ba , SELECTIVITY COEFFICIENTS AND THERMO-
DYNAMIC EQUILIBRIUM CONSTANTS FOR Ba"^  -H"^ EXCHANGE ON STANNIC 
PHTrlALOPHOSPHATZ 
•^°- ^^ Ba "^ a^ ^c ^a 
(a) Ba^ -^H"*" at 30+l°C 
1. 0.2251 0.7112 2.36 x lO"^ 
2. 0.1359 0.6037 5.15 x lO"^ 
3. 0,1643 0,4477 6.80 x lO"'^  
4. 0.1359 0.3496 1.76 x lO"^ 
5. 0.1157 0.2728 2.68 x lO"^ 1.52 x lO"^ 
6. 0.0832 0.2138 2.79 x lO""^  
7. 0.0654 0.1564 4.14 x lO"^ 
8. 0.0452 0.1095 4.67 x 10~^ 
9. 0.0329 0.0677 5.99 x 10~^ 
10. 0.0145 0.0318 6.9 • x lO""^  
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Fig .3.4- Ion exchange isotherm of Bo*2 ion on stannic 
phthalophosphate. 
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Table - 3.4 (continued) 
2-N°- ^ a ^ a ^c .^ a 
(a) Ba''"^ -H"^  at 45+l°C 
1. 0.2752 0.5588 7.05 x 10~^ 
2. 0.'2371 0.5305 1.24 x 10~^ 
3. 0.2C19 0.4195 2.49 x lO"^ 
4. C.1723 0.5315 3.14 x lO""^  
5. 0.1358 0.2670 3.73 x IC"^ 5.32 x lO"^ 
6. 0.1057 0.2029 4.33 x lO"^ 
7. 0.0751 0.1526 4.98 x lO"^ 
8. 0.0551 0.1C61 6.24 x lO"^ 
9. 0.0358 0.0662 7.36 x lO"^ 
10. 0.0181 0.0304 9.49 x lO"^ 
(c) Ba'*"^ -H"^  at 60+l°C 
1. 0.3451 0.5888 3.20 x lO"^ 
2. 0.2891 0.4893 3.08 x lO"^ 
3. 0.2457 0.3890 4.56 x lO""^  
4. 0.1953 0.3170 4.72 x lO"^ 
5. 0.1652 0.2475 6.26 x 10"^ 1 x lO"^ 
6. 0.7428 0.1917 7.15 x lO"^ 
7. 0.7928 0.1418 9.00 x lO""^  
8. 0.8516 0.0992 1.03 x lO"^ 
9. 0.9125 0.0632 1.05 x lO"^ 
10. 0.9527 0.0291 1.36 x lO"^ 
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The plots of InPC V equivalent fractions of cations 
in exchanger phase are presented in Fig. 3.5-3.8. The 
thermodynamic equilibrium constants are calculated from 
these plots and are given in table 3.5 - 3.8. 
The values of enthalpy change Z\ H , free energy 
change A G and entropy change £\ S were calculated. The 
results of the^ se thermodynamic parameters are given in 
table 3.5 - 3.8. 
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Fig.3.9- Plot of In k Vs 1 / T for alkaline earth nnetols ions. 
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T a b l e - 3 . 5 
THERMODYNAMIC PAR-^ vMETERS FOR HYDROGEN-MAGNESIUM EXCHANGE ON 
STANNIC PHTHALOPHOSPri/vTE AT CONSTANT IONIC STRENGTH 
T h e r m o d y n a m i c 3 0°C 4 5°C 60°C 
p a r a m e t e r 
X 1 .2 X 1 0 " ^ 2 . 9 X 1 0 " ^ 1.4 X l O " ^ 
a 
A G ° { K J / m o l e ) 1 1 . 3 5 1 0 . 7 5 9 . 3 3 
/ : : ^ H ° ( K J / m o l e ) - 5 4 . 0 4 1 
A s ° ( J / m o l e / d e g r e e ) - 2 1 5 . 8 4 - 2 0 3 . 7 4 8 - 1 9 0 , 2 9 
T a b l e - 3 . 6 
THERMODYNAMIC PARAMETERS FOR HYDROGEN-CALCIUM EXC?IANGE ON 
STANNIC PHTHALCPHCSPI-iATE AT CONSTANT IONIC STRENGTH 
Thermodynamic 3^0^ 4^0^ ^^o^ 
parameter 
K 5.81 X 10"^ 1.32 X 10""^  2.99 x lO"^ 
a 
A G ° ( K J / m o l e ) 9 . 3 8 8 . 7 6 8.04 
A H ° ( K J / m o l e ) - 4 4 . 3 4 
/ : : i S ° { J / m o l e / d e g r e e ) - 1 7 7 . 3 0 - 1 6 6 . 9 7 - 1 5 7 . 3 0 
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T a b l e - 3 . 7 
THERMODYNAMIC PAR^U-IETERS FOR HT/DRCG EN-STRONTIUM EXCHANGE ON 
STANNIC PHTHAI0PH0SPR2.TE AT CONSTANT IONIC STRENGTH 
T h e r m o d y n a m i c 30°C 4 5 ° C 60°C 
p a r a m e t e r 
K 5 . 6 2 X I C " ^ 1 . 2 8 x l O " ^ 3 . 3 2 x I C " ^ 
a 
<C^G°(Kj /mole) 9 . 4 2 8 . 8 0 7 . 8 9 
A H ° ( K J / n i o l e ) - 4 6 . 1 9 
A S ° ( j / m o l e / d e g r e e ) - 1 8 3 . 5 3 - 1 7 2 . 9 3 - 1 6 2 , 4 0 
T a b l e - 3 . 8 
THERMODYNAMIC PARAMETERS FOR HYDROGEN-BARIUM EXCHANGE ON 
STANNIC PHTHALOPHOSPHATE AT CONSTANT IONIC STRENGTH 
T h e r m o d y n a m i c 3 0°C 4 5°C 60°C 
p a r a m e t e r 
K 1 . 5 1 X 1 0 ' ^ 5 . 3 2 X 1 0 " ^ 1 .0 X l O " ^ 
a 
A G ° ( K J / m o l e ) 8 . 1 6 6 . 9 2 6 . 3 2 
A H ° ( K J / m o l e ) - 5 7 . 5 5 
A S ° ( J / m o l e / d e g r e e ) - 2 1 6 . 8 6 - 2 0 2 . 7 6 - 1 9 1 . 8 1 
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The exchange isotherms as calculated by kielland' s 
method for various cations at different temperatures are 
plotted in fig. 3.10-3.13. 
The results of concentrations of metal ions, selec-
tivity coefficients are given in table 3.9-3.12. 
Table - 3.9 
EQUILIBRIUM CONSTANTS mD SELECTIVITY COEFFICIENTS FOR 
Mg"^ -^H"^  EXCHANGE OK STANNIC PHTHALOPHOSHIATE 
S . N o . 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
+ 2 [Mg : 
0 . 1 4 1 
0 . 0 8 2 
0 . 0 4 5 
0 . 0 3 2 
0 . 0 2 1 
0 . 0 1 8 
0 . 0 1 4 
0 . 0 1 2 
0 . 0 1 0 
0 . 0 0 7 
1 [ K"''] 
0 . 7 2 2 
0 . 8 4 3 
0 . 9 1 5 
0 . 9 4 4 
0 . 9 6 1 
0 . 9 64 
0 . 9 7 2 
0 . 9 8 1 
0 . 9 8 4 
0 . 9 8 6 
[Mg ] [H"*"] 
( a ) Mg"^^-H^ 
0 . 5 9 6 
0 . 5 6 2 
0 . 5 1 1 
0 . 4 5 2 
0 . 3 9 1 
0 . 3 2 4 
0 . 2 5 9 
0 . 1 9 5 
0 . 1 2 9 
0 . 0 6 4 
0 . 0 0 7 
0 . 0 1 3 
0 . 0 2 1 
0 . 0 3 0 
0 . 0 3 9 
0 . 0 4 9 
0 . 0 5 7 
0 . 0 6 8 
0 . 0 7 7 
0 . 0 8 6 
l o c C ^ 
[H+r 
a t 3 0 + l ° C 
- 0 . 5 6 7 8 
- 0 . 9 3 7 8 
- 1 . 2 6 9 6 
- 1 . 4 4 4 8 
- 1 . 6 4 3 2 
- 1 . 7 7 6 5 
- 1 . 8 2 9 2 
- 1 . 9 0 4 1 
- 2 . 0 0 8 2 
- 2 . 1 4 8 9 
4 . 0 8 5 0 
3 . 5 2 1 8 
3 . 0 6 3 9 
-
K 
c 
2 . 7 0 0 5 1 . 2 0 x 1 0 " ^ 
2 . 4 1 0 0 
2 . 1 3 0 1 
1 . 9 0 1 5 
1 . 6 2 5 0 
1 . 3 3 7 6 
0 . 9 3 7 1 
12o 
O— at30°C 
A — at45°C 
log 
[Mg*2] 
Fig .3.10- Moss action plot for Hydrogen- Magnesium 
exchange on stannic phthalophosphote 
Table - 3.9 (continued) 
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S . K o . [-Mg ' ] [Y. ] + 2 + [Mg ] [K ] 
[Ma+2] T rr-:a+'-'l 
l o g '-• • - - • • . . \ l o g ^ - •• T T 2 [H •] [H-^]2 
K 
1 . 0 . 1 8 1 0 . 6 4 1 
2 . 0 . 1 1 3 0 .782 
3 . 0 . 0 9 6 0 . 8 0 8 
4 . 0 . 0 6 0 0 . 8 8 0 
5 . 0 . 049 0 . 9 0 1 
6 . 0 . 0 4 1 0 .922 
7 . 0 . 0 3 5 0 .934 
8 . 0 . 0 1 6 0 .952 
9 . 0 .012 0 . 9 7 6 
1 0 . 0 . 0 0 7 0 . 9 8 5 
(b) Mg'^ -^H'^  at 45+l^C 
0.577 0.009 -0.3560 3.8526 
0.545 0.015 -0.7333 3.3842 
0.485 0.024 -0.8325 2,9253 
0.437 0.032 -1.1108 2.6301 
0.376 0.041 -1.2192 2.3496 
0.313 0.050 -1.3166 2.0976 
0.249 0.059 -1.3966 1.8544 
0.187 0.068 -1.7531 1.6091 
0.127 0.077 -1.8997 1.3308 
0.063 0.087 -2.1417 0.9203 
2.29x10 
(c) Mg'^ '^ -H'^  at 60+l°C 
1 . 
2 . 
3 . 
4w 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 2 3 1 
0 . 1 7 8 
0 . 1 2 5 
0 .104 
0 .082 
0 . 0 6 1 
0 .049 
0 .042 
0 . 0 2 1 
0 .012 
0 . 5 4 1 
0 .644 
0 . 7 5 1 
0 .792 
0 . 8 3 6 
0 . 8 8 1 
0 .902 
0 . 9 2 1 
0 . 9 6 1 
0 . 9 7 6 
0 . 5 5 1 0 .012 
0 . 5 1 1 0 . 0 1 8 
0 . 4 7 1 0 . 0 2 5 
0 .414 0 .034 
0 . 3 5 9 0 .042 
0 . 3 0 3 0 . 0 5 1 
0 . 2 4 2 0 .060 
0 . 1 7 9 0 . 0 6 9 
0 . 1 2 3 0 . 0 7 7 
-0.1027 
-0.3674 
-0.6543 
-0.7804 
-0.9305 
-1.1046 
-1.2202 
-1.3052 
-1.6432 
0.054 0.087 -1.8997 
3.6197 
3.1740 
2.8701 
2.5546 
2.2983 
2.0667 
1.8276 
1.5726 
1.3124 
0.8533 
3.63x10' 
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T a b l e - 3 . 1 0 
EQUILIBRIUM CONSTANTS AND SELECTIVITY COEFFICIENTS FOR 
Ca'^^-H'^ EXCHANGE ON STAI^JNIC PHTHALOPHOSPFiATE 
S . N o . 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
[Ca"^^] 
e .2oi 
0 . 1 5 6 
0 . 1 2 4 
0 . 0 8 5 
0 . 0 5 2 
0 . 0 3 5 
0 . 0 2 5 
0 . 0 2 
0 . 0 0 5 
0 . 0 0 3 
[ H " ^ ] 
0 . 6 1 1 
0. 688 
0 . 7 5 2 
0 . 8 3 1 
0 . 8 9 6 
a 9 3 l 
0 .960 
a 9 7 1 
0 . 9 7 3 
0 . 9 9 1 
+ 2 [Ca ] 
(a ) 
0 . 5 6 6 
0 . 5 2 2 
0 . 4 7 1 
0 . 4 2 4 
0 . 3 7 4 
0 . 3 1 6 
0 . 2 5 3 
0 . 1 8 7 
0 . 1 2 6 
0 . 0 6 4 
[ H ^ 
Ca-^2 .^+ 
0 . 0 1 1 
0 . 0 1 7 
0 . 0 2 5 
0 . 0 3 3 
0 . 0 4 0 
0 . 0 4 9 
0 . 0 5 9 
0 . 0 6 8 
0 . 0 7 8 
0 . 0 8 7 
1 [Ca"*"^] l o g l J 
[H ]"• 
a t 3 0 + l ° C 
- 0 . 2 6 8 8 
- 0 . 4 8 2 0 
- 0 . 6 5 9 0 
- 0 . 9 0 9 7 
- 1 . 1 8 8 6 
- 1 . 3 9 3 8 
- 1 . 5 6 6 6 
- 1 . 6 7 3 4 
- 2 . 2 7 7 2 
- 2 . 5 1 5 0 
+ 2 [Ca- 1 l o g ^ — r - 4 
3 . 6 7 0 0 
3 . 2 5 6 7 
2 . 8 7 7 1 
2 . 5 9 0 3 
2 . 3 6 8 7 
2 . 1 1 9 3 
1 . 8 6 1 4 
1 . 6 0 6 8 
1 . 3 1 6 1 
0 . 9 2 7 1 
K 
c 
1 . 4 4 x 1 0 " 
121) 
nz 
O —at 30°C 
_ a t 4 5 ° C 
_ a t 6 0 ° C 
log 
[cW] 
[H-]2 
Fig. 3.11 - Moss action plot for Hydrogen-Calcium 
exchange on stannic phthalophosphate 
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Table - 3,10 (continued) 
S.Ko. 
1- . ^ 
0 
*- • 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 2 4 5 
0 . 1 9 3 
0 . 1 4 1 
0 . 1 1 0 
0 . 0 7 6 
0 . 0 5 5 
0 . 0 4 1 
0 . 0 2 6 
0 . 0 1 5 
0 . 0 1 0 
0 . 2 9 5 
0 . 2 3 5 
0 . 1 9 1 
0 . 1 4 0 
0 . 1 1 0 
0 . 0 7 5 
0 . 0 5 5 
0 . 0 4 1 
0 . 0 2 1 
0 . 0 1 5 
[K^'] 
0 . 5 1 0 
0 . 6 1 4 
0 . 7 2 1 
0 . 7 8 2 
0 . 8 4 8 
0 . 8 9 0 
0 . 9 2 1 
0 .9^ .8 
0 .9 ' . '0 
0 . 9 8 1 
0 . 4 1 3 
0 . 5 3 1 
0 . 6 2 3 
0 . 7 2 2 
0 . 8 0 1 
0 . 8 5 2 
0 . B 9 1 
0 . 9 2 0 
0 . 9 6 2 
0 . 9 7 1 
[Ca+2] 
(b) C 
0 . 5 4 4 
0 . 5 0 3 
0 . 4 6 3 
0 . 4 1 1 
0 . 3 6 2 
0 . 3 0 5 
0 . 2 4 7 
0 . 1 8 7 
0 . 1 2 5 
0 . 0 6 1 
(c ) C. 
0 . 5 2 4 
0 . 4 8 2 
0 . 4 3 8 
0 . 3 9 6 
0 . 3 5 1 
0 . 2 9 5 
0 . 2 3 9 
0 . 1 8 1 
0 . 1 2 3 
0 . 0 5 9 
[H"*"] 
+2 + 
a^ -H a t 
0 . 0 1 2 
0 . 0 1 9 
0 . 0 2 6 
0 . 0 3 4 
0 . 0 4 2 
0 . 0 5 0 
0 . 0 5 9 
0 . 0 6 8 
0 . 0 7 8 
0 . 0 8 8 
+ 2 + 
a -H a t 
0 . 0 1 4 
0 . 0 2 1 
0 . 0 2 8 
0 . 0 3 5 
0 . 0 4 3 
0 . 0 5 1 
0 . 0 6 0 
0 . 0 6 9 
0 . 0 7 7 
0 . 0 8 7 
, ^[Ca"*"^] 
l o g ry 
4 5+l^C 
- 0 . 0 2 5 9 
- 0 . 2 9 0 7 
- 0 . 5 6 6 6 
- 0 . 7 4 5 0 
- 0 . 9 7 5 9 
- 1 . 1 5 8 4 
- 1 . 3 1 5 7 
- 1 . 5 3 8 6 
- 1 . 7 9 7 4 
- 1 . 9 8 3 3 
60+l°C 
0 . 2 3 7 9 
- 0 . 0 7 9 1 
- 0 . 3 0 7 9 
- 0 . 5 7 0 9 
- 0 . 7 6 5 9 
- 0 , 9 8 5 8 
- 1 . 1 5 9 3 
- 1 . 3 1 4 8 
- 1 . 6 4 4 1 
- 1 . 7 9 8 3 
l o g -—-J 
3 .5772 
3 . 1 4 4 0 
2 . 8 3 5 6 
2 . 5 5 0 8 
2 . 3 1 2 2 2 
2 . 0 8 6 3 
1 .8509 
1 .6068 
1 .3127 
0 . 8 9 6 9 
3 . 4 2 7 0 
3 . 0 3 8 6 
2 . 7 4 7 1 
2 . 5 0 9 5 
2 . 2 7 8 3 3 . 
2 . 0 5 4 6 
1 .8220 
1 .5799 
1.3169 
0 . 8 9 1 8 
K 
c 
. 6 3 x 1 0 " ' 
16x10" ' ' 
1S1 
T a b l e - 3 . 1 1 
EQUILIBRIUM CONST/A^'^S At® SELECTIVITY COEFFICIENTS FOR 
Sr'^'^-H'*' EXCHANGE ON STANNIC PHTHALOPHCSPHATE 
(a) Sr"*"^-!!"*" at 30+l°C 
0.571 0.009 -0.3074 3.8481 
0.537 0.015 -0.6532 3.3217 
0.488 0.023 -0.8696 2.9649 
0.429 0.032 -0.9858 2.6221 
0.368 0.041 -1.0836 2.3402 6.60x10' 
0.308 0.051 -1.2104 2.0734 
0.246 0.058 -1.3062 1.8640 
0.118 0.068 -1.4576 1.4068 
0.121 0.076 -1.5593 1.3211 
0.061 0.087 -1.9419 0.9062 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 1 9 0 
0 . 1 2 5 
0 . 0 9 1 
0 . 0 7 5 
0 . 0 6 3 
0 . 0 5 0 
0 . 0 4 2 
0 . 0 3 1 
0 . 0 2 5 
0 . 0 1 1 
0 . 6 2 1 
0 . 7 5 0 
0 . 8 2 1 
0 . 8 5 : 
0.87/3 
0 . 9 0 1 
0 . 9 2 2 
0 . 9 4 3 
0 . 9 5 2 
0 . 9 8 1 
[sr-2] 
log —=:: [Hi 
log [111!] [H-]2 
FIG.3.12- Moss action plot for Hydrogen- Strontium 
exchange on stannic phthalo phosphate 
T a b l e - 3 . 1 1 ( c o n t i n u e d ) 
Wi 
S.No. [Sr"^^] [K [Sr"^2] [H"*"] K 
(b) Sr"*"^-?!*^ a t 4 5+l°C 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 2 3 1 
0 . 1 6 0 
0 . 1 1 1 
0 . 1 0 1 
0 . 0 8 2 
0 . 0 7 2 
0 . 0 6 1 
0 . 0 4 2 
0 . 0 2 1 
0 . 0 1 5 
0 .542 
0 .6B1 
0 . 7 8 3 
0 .802 
0 .84 3 
0 . 8 5 5 
0 .B81 
0 . 9 1 5 
0 .962 
0 .971 
0 . 5 5 1 
0 . 5 2 1 
0 . 4 7 8 
0 . 4 1 6 
0 . 3 6 1 
0 . 2 9 7 
0 . 2 3 6 
0 . 1 7 9 
0 . 1 2 3 
0 . 0 5 9 
0 . 0 1 6 
0 .017 
0 .024 
0 .034 
0 .042 
0 . 0 5 1 
0 . 0 6 1 
0 . 0 6 9 
0 .077 
0.0B7 
- 0 . 1 0 4 3 
- 0 . 4 6 2 1 
- 0 . 7 4 2 2 
- 0 . 8 0 4 0 
- 0 . 9 3 7 8 
- 1 . 0 0 6 5 
- 1 . 1 0 4 6 
- 1 . 3 0 0 5 
- 1 . 6 4 4 1 
- 1 . 7 9 8 J 
3 . 3 3 2 9 
3 . 2 5 5 9 
2 . 9 1 9 0 
2 . 5 5 6 1 
2 . 3 1 1 0 
2 . 0 5 7 6 
1.8022 
1.5752 
1.3169 
0 . 8 9 1 8 
1x10 _2 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 2 7 1 
0 . 2 1 3 
0 . 1 5 2 
0 . 1 2 5 
0 .112 
0 . 0 8 1 
0 . 0 6 3 
0 .052 
0 . 0 3 1 
0 . 0 2 5 
0 . 4 6 1 
0 .582 
0 . 7 0 2 
0 . 7 5 1 
0 .782 
0 . 8 4 1 
0 .882 
0 . 9 0 1 
0 .942 
0 .95 : . 
Kc) 
0 . 5 3 1 
0 . 4 9 5 
0 . 4 5 8 
0 .404 
0 . 3 4 5 
0 . 2 9 3 
0 . 2 3 6 
0 . 1 7 5 
0 . 1 1 8 
0 .054 
b r -H 
0 . 0 1 3 
0 . 0 2 1 
0 . 0 2 7 
0 . 0 3 5 
0 . 0 4 2 
0 .052 
0 . 0 6 0 
0 .069 
0 . 0 7 8 
0 . 0 8 7 
a t 60+l°C 
0 . 1 0 5 6 
- 0 . 2 0 1 4 
- 0 , 5 1 0 8 
- 0 . 6 5 4 3 
- 0 . 7 3 7 1 
- 0 . 9 4 1 1 
- 1 . 0 9 1 5 
- 1 . 1 9 4 2 
- 1 . 4 5 6 7 
- 1 . 5 5 8 4 
3 .4972 
3 . 0 5 0 1 
2 . 7 9 8 1 
2 . 5 1 8 2 
2 . 2 9 1 3 
2 . 0 3 4 8 
1 .8166 
1 .5653 
1 .2876 
0 . 8 5 3 3 
1 .25x10"^ 
1S4 
T a b l e - 3 . 1 2 
EQUILIBRIUM CONSTANTS AI^TD SELECTIVITY COEFFICIENTS FOR 
Ba''"^-H'^' EXCHANGE ON STANNIC PKTHALOP?IOSPHATE 
+2 +2 
S . N o . [3a-^2] [H"^] [Ba"*"^ ]^ [ H ^ ] l o g f - J : | = ^ ^ l o g ^ ^ a 1 K 
( a ) Ba'^^-H'*' a t 3 0 + l ° C 
1 . 0 . 2 2 5 0 . 5 5 1 0 . 5 5 4 0 . 0 1 1 - 0 . 1 3 0 1 3 . 6 6 0 7 
2 . 0 . 1 8 5 0 . 6 3 3 0 . 5 8 5 0 . 0 1 9 - 0 . 3 3 5 6 3 . 2 0 9 6 
3 . 0 . 1 6 1 0 . 6 8 2 0 . 4 5 3 0 . 0 2 8 - 0 . 4 6 0 7 2 . 7 6 1 8 
4 . 0 . 1 3 5 0 . 7 3 1 0 . 3 9 9 0 . 0 3 7 - 0 . 5 9 7 5 2 . 4 6 4 5 
5 . 0 . 1 1 5 0 . 7 ' ' 2 0 . 3 4 2 0 . 0 4 6 - 0 . 7 1 4 5 2 . 2 0 8 5 8 . 3 l x l 0 ' 
6 . 0 . 0 8 1 0 . 8 4 3 0 . 2 9 3 0 . 0 5 4 - 0 . 9 4 3 1 2 . 0 0 2 0 
7 . 0 . 0 6 5 0 . 8 7 1 0 . 2 3 4 0 . 0 6 3 - 1 . 0 6 7 1 1 . 7 7 0 5 
8 . 0 . 0 4 5 0 . 9 1 1 0 . 1 7 7 0 . 0 7 2 - 1 . 2 6 5 8 1 . 5 3 3 3 
9 . 0 . 0 3 1 0 . 9 4 2 0 . 1 1 8 0 . 0 8 1 - 1 . 4 5 6 7 1 . 2 5 4 9 
1 0 . 0 . 0 1 4 0 . 9 7 2 0 . 0 5 9 0 . 0 9 0 - 1 . 8 2 9 2 0 . 8 6 2 3 
135 
I oq ——-— 
log 
Fig. 3.13- Mass action plot for Hydrogen - Bor ium exchange 
on stannic phtholo phosphate 
r, i» 
T a b l e - 3 . 1 2 ( c o n t i n u e d ) 
I . N o . [Ba ] [H ] [Ba J LK J l o g —v-r> l o g • • i K 
c 
(b) Ba'^ -^K'^  at 4 5+l°C 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
0 . 2 7 5 
0 . 2 3 1 
0 . 2 0 1 
0 . 1 7 1 
0 . 1 3 5 
0 . 1 0 5 
0 . 0 7 5 
0 . 0 5 5 
0 . 0 3 5 
0 . 0 1 8 
0 . 4 5 2 
0 . 5 4 1 
0 . 6 2 0 
0 . 6 6 3 
0 . 7 3 1 
0 . 7 9 0 
0 . 8 5 1 
0 . 8 9 3 
0 . 9 3 1 
0 . 9 6 3 
0.529 0.013 0.1290 3.4955 
0.485 0.021 -0.1027 .3.0413 
U.433 0.029 -0.2815 2.7116 
0.381 0.038 -0.4100 2.4213 
0.342 0.046 -0.5975 2.2085 4.57x10 
0.280 0.(055 -0.7740 1.9664 
0.229 0.063 -0.9847 1.7611 
0.172 0.072 -1.1613 1.5208 
0.116 0.081 -1.3938 1.2474 
0.057 0.090 -1.7119 0.8473 
- 3 
(c) Ba'''^'-K''" a t 6 0 + l ° C 
1 . 0 . 3 4 5 0 . 3 1 1 0 . 4 9 4 0 . 0 1 7 0 . 5 5 2 2 3 . 2 3 2 8 
2 . 0 . 2 8 1 0 . 4 4 3 0 . 4 6 1 0 . 0 2 4 0 . 1 5 5 8 2 . 9 0 3 2 
3 . 0 . 2 4 5 0 . 5 1 2 0 . 4 1 1 0 . 0 3 2 0 . 0 2 9 3 2 . 6 0 3 5 
4 . 0 . 1 9 5 0 . 6 1 1 0 . 3 6 9 0 . 0 4 0 - 0 . 2 8 2 0 2 . 3 6 2 9 
5 . 0 . 1 6 5 0 . 6 7 3 0 . 3 1 8 0 , 0 4 8 - 0 . 4 3 8 5 2 . 1 3 9 9 
6 . 0 . 1 3 1 0 . 7 4 1 0 . 2 8 1 0 . 0 5 7 - 0 . 6 2 2 3 1 . 9 3 6 9 4 . 3 6 x 1 0 
7 . 0 , 1 0 5 0 . 7 9 0 0 . 2 1 4 0 . 0 6 5 - 0 . 7 7 4 0 1 . 7 0 4 5 
8 . 0 . 0 7 5 0 . 8 5 4 0 . 1 6 3 0 . 0 7 4 - 0 . 9 8 7 8 1 . 4 7 3 7 
9 . 0 . 0 4 5 0 . 9 1 2 0 . 1 1 1 0 . 0 8 2 - 1 . 2 6 6 7 1 , 2 1 7 6 
1 0 , 0 , 0 2 4 0 , 9 5 2 0 , 0 5 5 0 , 0 9 1 - 1 . 5 7 7 0 0 . 8 2 2 2 
- 3 
DISCUSSION 
Stannic phtha1©phosphate in hydrogen form behaves as 
a weak cation exchanger. The exchange with bivalent ions 
on stannic phthalophosphate can be represented by the 
following equation: 
2 RH + M"*" ^ R2^' "^  2^ "^  ^^ ^ 
lon-exchenge process, being stoichiometric, v.dll give 
amount of hydrogen ion liberated equivalent to the metal ion 
2+ 
{M ) taken by the exchanger. Such an exchanger is presented 
in Table 3.1 to 3.4 and plotted in figures 3,1-3.4 in the 
form of ion-exchange isotherms. These results indicate that 
+ 2 +2 +2 +2 for Mg , Ca. / Sr and Ba ions the curves are below the 
diagonal due tc the lesser preference of Mg , Ca , Sr and 
+ 2 + 
Ea than of H at stannic phthalophosphate. Further the 
selectivity for individual ions is different and is in the 
following order: 
,, +2 . r^ +2 y e +2 y „ +2 
Mg < Ca A ^ r <_Ba 
The selectivity coefficient, K for bivalent ion-
exchange reaction (1) is calculated as follows: 
K^ = i-jl iV. <„ 
^H • ^ M ^ M 
VJhere X is the equivalent fraction of metal ion in the 
exchanger phase, X^ and X , the equivalent fractions of 
1S8 
hydrogen ion and metal ion in the solution phase respectively. 
^ is the equivalent fraction of hydrogen in the exchanger 
phase. Y H ^"^ T M ^^^ activity coefficients of hydrogen and 
metal ions respectively in the solution. The activity of 
cations in aqiaeons phase is calculated using Debye-Huckel 
equation. 
1 ^ A. Zi^Jju" , . 
log f. = '-—- (3) 
1 + B.a^J^ 
V7here A and B are the constants, a^ the ion size parameter, 
p. , the ionic strength and Si is the charge of the ion i. The 
selectivity coefficient values are plotted in figures 3.5-3,8. 
These results show that the values of selectivity coeffi-
cients (K ) do not remain constant but vary with the increasing 
concentration of cation (M) in solution, hence Ka can be 
evaluated. Ka the thermodynamic equilibrium constant, is 
calculated from the expression given by Gaines and Thomas(17). 
lnl<a = (Z^ - Z^) + J In Kc d JC (4) 
o 
The values of Ka, are calculated from the plots of InKa Vs K, 
The results reveal that the degree of selectivity of alkaline 
earth metals decreases at high temperatures as compared to 
that of at lower temperatures. A comparative study of Ka 
values at different temperatures for different alkaline earth 
+ 2 +2 
metal ions reflects the selectivity order as Mg < Sr ^ 
•^  a •^2< Ba-^-2. 
\n 
The stand ard free energy (^ G ) is calculated from 
thermodynamic equilibrium constant \ising the equation. 
ZiG° = - ^ ^^ ^^  In Ka (5) 
v;here R is the gas constant, Z and Z are the valencies of 
hydrogen and the competing cation and T is the absolute 
temperature, Th^ rer-ults (Tables 3.5-3.8) indicate that 
during the exchange of alkaline earth metal ion over 
stannic phthalophosphate in hydrogen form, the free energy 
change is positive over all the temperatures. This shows 
that at all the temperatures the exchange process is non-
spontaneous , 
The values of changes in thermodynamic quantities 
A K and /^ S are calculated from the respective equili-
brium constants as follows: 
/v u*^  D d(lnlCa) ,-. 
^^ = - P^  dOTrr ^^^ 
. ^ o _ A H ° - A C " ,„. 
and A S = (7) 
The standard enthalpy changes A H have been evaluated 
from, the plot of log Ka against sr (fig. 3.9). The results 
giving negative enthalpy change indicate that the reaction 
in exothermic. It reflects that the binding energy of 
competing cation is less than that of hydrogen ions. 
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According to keilland for exchange between two mono-
+ + -F + 
valent ions [A ] and [B ]a plot of log [A ]/[B jversus log 
[ A ]/[B ] will be a straight line of unit slope with an 
intercept equal to the logarithm of the selectivity quotient, 
The same behaviour was found with the bivalent ions. The 
equation was derived as follows: 
2 A^ ' + M^^ ^ M^^ + 2A^ 
IK!1J_ ^ i„„ - L A I L I loo K = log '• •* -. - + log 
C r T ^ 2 ^ [A^I-^ [M-^ 1 
j^2+ 2+ 
A plot between log ' J „• Vs log ^ — - — L . 
[A""] [A"*" ]-" 
was found to be a straight line for bivalent ion (alkaline 
earth metal iors) exchanged on stannic phthalopr.osphate at 
different temperatures (fig. 3.9-3.12). 
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CHPATER - IV 
Tin thioglycolate as a new material for the 
recovery and removal of mercury 
U3 
CHAPTER -IV 
TIN THIOGLYCOLATE AS A NEW MATERIAL FOR THE 
RECOVERY AND REMOVAL OF ^1ERCURY 
A new class of exchangers viz. chelate ion exchangers 
is receiving attention in recent years as certain metal ions 
can be removed completely through complex formation if they 
give much stable complexes with attached ligand in the 
matrix of exchanger, v;hereas other ions vrhich form less 
stable complexes remain mainly in solution. On this basis 
complexing agen-.s can be used to improve the separability 
of the metal ions and for selective uptafe:e of certain metal 
ions from industrial waste using suitable complexing agents. 
Mercury has received a great deal of attention in 
field of environmental pollution/ organic and inorganic 
compounds of mercury are very toxic in nature and therefore 
after monitoring the presence of these compounds, in environ-
ment, particularly in water, Macchi et. al. (1), Gladkov (2), 
Smith (3) , Elanchard (4) , Makarev/icz (5) Bukhman (6) 
Maeda (7) Terada (8) successfully tried the chelate 
exchangers to remove the mercury from v/aste water. 
In this chapter, an attempt has been made to develop 
a chelate ion exchanger by combination of stannic chloride 
and thioglycolic acid. The material so formed behaves as a 
chelate exchanger for the selective uptake of mercury(ll) . 
Uii 
The physical cl"aracterization and its utility for recovery 
and removal of Hg(II) from waste v/ater is also discussed. 
us 
EXPERIMENTAL 
Apparatus 
A Radon Mouse X-ray diffraction unit was used for 
x-ray analysis. An electric temperature controlled SICC 
shaker and an eli^ ctric oven ^^ 7ere employed for shaking and 
drying respectively. 
Reagents 
Thioglycclic acid (Loba, India) and Stannic chloride 
(Loba, India) v/ere used to prepare the exchanger.Mercuric 
nitrate (II.P.C./ India) was used to determine the sorption. 
Ail other chemicals v/ere of reagent grade. 
Synthesis of the exchanger 
O.IM solu-;ion of thioglycolic acid was mixed v;ith 
0, IM solution of Stannic chloride in different volume ratios 
as given in Tabic 4.1. The product was heated till boiling 
so that the precipitation was complete. The precipitate was 
kept standing for 24 hours at room temperature. After that 
it was filtered, washed and dried in a temperature controlled 
electric oven at 40 + 1 C, The .exchanger v;as broken down into 
small particles by immersing in water. It was v;ashed and dried 
again at 40 + 1 C. 
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TABLE - 4 . 1 
SYNTHESIS OF TIM TI'ICGLYCOLATE UNDER DIFFERENT CONDITIONS 
SI. 
No. 
SampleJ Molarity of reagents Mixing Stability Compo-
volume sition 
ratio Tin chloride Thiogly-
colic acid 
(M) (M) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
N, 
Ih 
N. 
N. 
N, 
N. 
N, 
N, 
N 10 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
Chemically 
unstable 
1:1 
2:1 
3:1 
4:1 
5:1 
6:1 Stable 
9:1 
1:2 No ppt. 
1:3 No ppt. 
2:3 Mild ppt. 
3.6:1 
Composition 
0.5 gm of exchanger v;as dissolved in 5 ml of HCl and 
diluted to 25 ml with v/ater. 5 ml of fuming nitric acid was 
added and thoroughly digested v;ith the exchanger so that the 
sulfur contents of thioglycolic acid were changed into sulfate 
ana stannous changes to stannic. VJith the addition of vrater, 
precipitation takes olacc. This is due to the formation of 
metastannic acid. Tlie product v;as then filtered. The filtrate 
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contains thioclycolic acid in which the sulfate v;as determined 
and in the precipitate, stannic vras determined as follows: 
Determination of Sulfate: The sulfate was precipitated as 
Barium sulfate by adding hot Barium chloride solution to the 
hot filtrate. The precipitation was allov;ed to stand for 
24 hours. Then filtered and washed with hot v/ater so that 
chloride ions were removed then the precipitate was dried, 
weighed and sulfur was calculated. 
Determination of Tin; The precipitate which was due to the 
metastannic acid was filtered and washed many times to remove 
the nitrate and chloride ions. It was then dried and heated 
in a silica crucible and weighed. The tin was then calculated. 
X-Ray Studies 
X-ray analysis of exchanger particles was recorded on 
Radon House X-ray diffraction unit \\7ith unfiltered radiation 
from Cu-target v7o::}:inq at 30 K.V. and 15mA. 
Uptake of ?Ig(ll) 
Mercuric nitrate solutions of different concentrations 
were shaken wi-h 1 gm of exchanger. After being shaken for 
6 hours at room temperature, the mixture was decanted and the 
amount of Hg(ll) remained in the filtrate was determined 
titrimetrically (9). Uptake of Hg(II) was also checked in 
verv dilute scutions. 
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Rate of Sorption : 
The rate of sorption of Hg(II) was determined by batch 
process, 10 ml of O.IM HgCNO^)2 solution was shaken with 0.5 gm 
of exchanger at different intervals of time and the amount of 
sorbed Hg(ll) was calculated by the difference in the amount 
initially taken end amount found after shaking. 
Sorption Capacity : 
To determine the sorption capacity of the exchanger/ 
1 gm of exchanger was shaken with 20 ml of Hg(NOo)j solution 
for six hours. After six hours Hg(II) remained in the super-
natant solution v;as determined then the sorption capacity 
was calculated. 
Redox .'Capacity t 
To determine the Redox capacity 1 gm of exchanger was 
kept in excess (known amount) of KMnO, solution,KMnO taken 
initially was determined titrimetrically with standard solution 
of oxalic acid,KMnO, remained in the solution was also determined. 
The difference of I<MnO. taken and KMnO^ ftound gives the amount 
of MnO. (reduced form of KMnO-),From the amount of KMnO./reduced 
to MnO. redox capacity was determined. 
Precision : 
To study the reproducibility of sorption of Hg(ll) 
ten replicate determinations were made.Ten conical flasks 
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were taken and in each 0,5 gm of exchanger and 20 ml of 
Hg(II) was added. Then after 24 hours each solution was 
determined titriraetrically for Hg(ll). Standard deviation 
was calculated by the follov/ing formula 
-ITS' 
V n-1 
where, S = standard deviation, 
n = number of observations, and 
D = observed value - mean value. 
Redox Studies 
Redox s:udies were performed for As(V), having more 
redox potential than the exchanger was reduced to As(ill). 
In a number of sets different amount of As(V) solutions were 
kept with 0.5 gm of exchanger for 24 hours. After 24 hours 
amount of As(V) remained in the supernatant solution were 
determined titrimetrically. The difference of As(V) taken 
and found gives the amount of As(III). 
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RESULTS 
Composit ion 
The r e s u l t s of samole N^ are as f o l l o w s : 
6 
Amount of exchanger taken = 0.5 gm 
Tin v/as found to be = 2 , 3 milimoles 
Sulphur was found to be = 0 , 6 3 3 milimoles 
Molar ratio of Tin:Thioglycolate = 3,5:1 
X-Ray Analysis 
X-ray analysis was performed by Radon House X-ray 
diffraction unit v;hich has been sho^ -m in Fig, 4,1, There 
are definite lines found in the figure which confirms 
that the exchanger is crystalline. 
Uptake of Hq(ll) 
The uptake of Kg(II) by 0,5 gm of exchanger was 
detr-rmined and the results are given in table 4,2 and 
plotted in Fig, 4,2 
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50 
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 
Concentration of H g ( l l ) i n M . 
Fig.4.2- Uptake of Hg(( l ) f rom i ts solution of 
different concentrations . 
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TABLE - 4.2 
UPTAKE OF Kg (II) FROM ITS SOLUTIONS OF DIFFEREN-] 
CONCENTRATIONS BY TKE TIN THIOGLYCOLATE 
SI. Concentra- Hg(ll) loaded Hg(ll) left Hg(ll) taken by 
No. tion of the exchanger 
Hq(ll) 
solution 
(M) (mg) (mg) (mg) 
4 4 . 4 
148 .0 
2 0 0 . 0 
2 2 4 . 0 
4 6 0 . 0 
5 0 0 . 0 
5 2 0 . 0 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
0.001 
0.005 
. 0.01 
0.02 
0.05 
0.08 
0.1 
44.4 
222.0 
444.0 
888.0 
2220.0 
3552.0 
4440.0 
0.0 
74.0 
244.0 
664.0 
1760.0 
3052.0 
3920.0 
In very dilute solutions the uptake of Kg(ll) was 
determined as: 
( 1) 50 ml of 0.1^ 5 Hg(ll) solution diluted to 500 ml and uptake 
of Hg(ll) v;as found to be 4 56 mg/gm^ 
(2) 50 ml of O.lM Hg(ll) solution diluted to 1000 ml and uptake 
of Hg(ll) v;as found to be 4 52 mg/gm. 
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Rate of Sorption 
Rate of sorption for Hg(ll) v;as determined by batch 
process and the results are presented in Table-4,3 and 
plotted in Fig. 4.3: 2.22 millimoles of Hg(ll) added. 
TABLE-4.3 
RATE OF SORPTION OF Hg(ll) 
SI. Time Amount of Hg(ll) sorbed 
(minutes) (m.moles) 
1. 0,0 0.0 
2. 1.0 0.29 
3. 2.0 0.36 
4. 6.0 0.41 
5. 10.0 0.44 
6. 15.0 0.47 
7. 20.0 0.50 
8. 30.0 0.51 
9. 60.0 0.51 
10. 240.0 0.51 
Sorption Capacity 
The sorption capacity was determined by keeping 1,0 gm 
of exchanger in 20 ml of O.IM Hg(ll) solution and the sorption 
capacity was calculated by the difference of the initial 
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Time (min.) 
Fig. 4.3- Rote of Sorption of Hg{ II) 
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amount of Hg(ll) and final amount of Hg(ll), Sorption 
capacity was found to be 2.7 n\eq/gm. 
Redox Capacity 
Redox capacity was found to be 1.92 meq/gm of 
exchanger. After regeneration the capacity reduces to 
1.86 meq/gm. 
Redox Studies 
Reduction of Arsenic (V) to Arsenic(III) was performed 
on the tin thioglycolate exchanger. The results are given 
in Table-4.4. 
TABLE - 4.4 
REDUCTION OF As(V) TO As(ill) 
SI. Amount of exchanger As(V) taken As(III) found 
No, (gm) (mg) (mg) 
1. 0.5 6.4 6.4 
2. 0.5 19,2 17.7 
3. 0.5 32,0 30.5 
4. 0.5 64,0 49.0 
5. 0.5 96.0 66.0 
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Precision 
To study the precision ten replicate determinations were 
made. The results of precision are shown in Table-4.5 and 
standard deviation was found. 
TABLE - 4.5 
STUDY OF PRECISION FOR Hg(ll) UPTAKE BY TIN-TKIOGLYCOLATE 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Kg (II) 
loaded 
in the 
exchanger 
(mg) 
1120 
1120 
1120 
1120 
1120 
1120 
1120 
1120 
1120 
1120 
Hg(ll) 
left by 
the 
exchanger 
(mg) 
580 
582 
578 
580 
578 
582 
584 
582 
534 
578 
Hg(ll) 
sorbed 
by the 
exchanger 
(mg) 
540 
538 
542 
540 
542 
538 
536 
538 
536 
542 
D=mean 
-observe 
value 
0.8 
1.2 
2.8 
0.8 
2.8 
1.2 
3.2 
1.2 
3.2 
2.8 
D2 
id 
0.64 
1.44 
7.84 
0.64 
7.84 ' 
1.44 
10.24 
1.44 
10.24 
7.84 
' ^J'f, 
S=2.34 mg 
Yo relative 
ei n 2.34x10c 
^•^•^= 539.2 
= 0.433 
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DISCUSSION 
Stannic chloride reacts with thioglycolic acid in the 
excess of the former reagent to give a stable solid material 
which can be u;:ed as ~, liqand ion exchanger. The materials 
formed in orher ratios (lesser amount of Stannic chloride) 
are not so much chemically stable (Table-4,1), 
The resu.'.ts of chemical composition indicate that the 
ratio of SnJth:.oglycolate group is 3.5:1, This ratio is less 
than the ratio used at the time of blending the two reagents. 
A higher ratio is required to increase the stability and to 
de^xelop the cr^'Stallinity. 
The crystalline product is always more perfect than 
the granules, x'he material prepared in excess of tin(IV) and 
at high temperature is formed by a slow precipitation. Its 
crystalline character was checked by x-ray studies. The 
results of such studies Fig, 4,1 indicate the presence of 
definite lines attributed to crystalline character. 
The analytical utility of this material is ascertained 
by the uptake of mercury(II). The results presented in 
Fig. 4.2 and summarized in Table-4,2 reveal that the material 
tin-thioglycol£ite sorbs selectively mercury(II). However, the 
uptake of mercury also depends upon the concentration of the 
equilibrating solution. At very lov; concentration the uptake 
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does not reach to the sorption capacity value e.g. at a 
concentration of O.OOlM concentration it gives a sorption 
of nearly one tenth of sorption capacity^ nevertheless, the 
uptake of mercury is nearly 100% out of this concentration. 
As the cor. cent rat ion increases the uptake also increases 
and reaches to the sorption capacity limit at 0.05M concentra-
tion. 
One distinct advantage of this material over the common 
ion-exchangers is that the rate of sorption of mercury(II) is 
quite fast as is evident from the results summarized in 
Table-4.3 & plotted in Fig. 4,3. In only 20 minutes the value 
reaches to saturation capacity. 
The results of x-ray studies (Fig.4.1) indicate that 
the material tir thioglycolate formed by the recommended 
procedure is a crystalline one having definite lines. It is 
an additional advantage in the use of this reagent, because 
crystallized product is m,ore perfect and gives high precision. 
A study of precision for the sorption of Hg(ll) by this 
material was studied in terms of standard deviation (Table-4,5). 
The standard deviation v/as found to be 2.34 mg/gm taking a set 
of 10 measurements. 
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Tin thioglycolate also behaves as a reducing agent and 
can be used to reduce As(v) ioto As(III), The results of 
Table-4,4 summarizing the observations of 5 different measu-
rements indicate that As(V) can be reduced to As(III) quanti-
tatively v;ithin the limits of the redox capacity of the 
exchanger. 
An overall study of the tin thioglycolate reveals that 
this material can be used in dual manner: 
(i) as an electron exchanger to reduce the substance 
(ii) as a ligand ion-exchanger to recover mercury(II) a 
pollutant from aqueous solutions. 
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CHAPTER - V 
Ferroin sorbed zinc silicate in the determination 
of cerium in presence of rare earth. 
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CHAPTER - V 
FERROIK SORBED ZINC SILICATE AS INDICATOR IN THE DETER-
MINATION OF CERIUM IN PRESENCE OF RARE EARTHS 
A number of titrimetric methods are available for the 
determination of cerium(lV) using different types of indica-
tors (1-4). The end point is not very sharp and precise in 
these determinations. Moreover the volume of titrant used to 
observe a colour change, sometimes, is more than the permi-
ssible range. 
However the results can be improved by the use of ion 
exchanger beads as indicator (5). The present work was, 
therefore, unde::taken to explore the possibility of zinc 
silicate granules (6) to be used as indicator after being 
sorbed in ferroin solution for the determination of cerium(IV) 
against ferrous ammonium sulphate as titrant. These titrations 
when carried out in pure solution of cerium and also in 
presence of rare earths are comparable, better in accuracy 
than the direct titration with ferroin indicator. Addition 
of large amount of interfering ions does not affect the 
titration. 
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EXPERIMENTAL 
Reaaents : 
Ferrous ammoniuni sulohate: Standardized solution of O.OIM 
1 ^ B I I » l l — I I I -IIPI.I Mill. I» • ^ - W L ^ I I l l M i l l * i 11 fc»i»li I 
ferrous ammonium suiphateC7.)was prepared in distilled water 
and 4 ml ^2^^A ^^ ^^  ^^^ added per 100 ml of solution. 
Cerric ammonium sulphate : o.OlM cerric ammonium sulphate 
tE. MercX) was prepared by weighing the anhydrous salt and 
4 ml of HpSO (AR) was added per 100 ml of solution and 
standardized against EDTA. 
Preparation of ferroin indicator: 0.025 g of ferrous sulphate 
[E. Merck; was dissolved in 0.025M solution of 1:10 phenan-
throline in 100 ml. 
All other solutions were prepared in demineralised 
water by direct weighing of Analar grade nitrate salts. 
Preparation of granules; O.lM zinc nitrate (Sarabhai, M. 
Chemicals) and O.lM sodium silicate v/ere mixed in 1:1 ratio. 
The resulting v^hite precipitate was kept standing for 24 hrs 
at room temperature. The precipitate was filtered off, washed 
with distilled water. The product was dried in an oven at 
4 0 C. Then the product was immersed in water and granules are 
obtained. The granules were then immersed in 0.025 ferroin 
indicator for 24 hrs. The granules were washed to remove 
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excess of indicator then immersed in cerric ammonium nitrate 
solution. The granules became blue in colour. For every 
determination few granules were taken after washing with 
demineralized water. 
Procedure; To the sample solution (5 ml) containing cerlum(TV) 
(0.702-14.012 mg), 4-6 granules of zinc silicate in ferroin 
form were added. The solution was titrated v/ith ferrous 
ammonium sulphate from a microburette. Near the end point the 
solution was vigorously shaken after the addition of each 
drop. A sharp change of colour from blue to red on the granules 
occured at the end point. 
The method is particularly useful in dilute solutions. 
The titrant sol\ition should not come in the direct contact 
with the indicator granules. 
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RESULTS 
The results of determination of different amount of 
cerium are sum.marised in Table - 5.1 
TABLE - 5.1 
DETERMINATION OF CERIUM 
Amount of Cerium (mg) 
% Error 
Taken Found 
0.700 0.702 -0.2 
1.401 1.409 -0.3 
2.802 2.810 -0.2 
7.006 7.005 0.0 
14.012 14.012 0.0 
Effect of interfering matel ions; Different amount of 
different metal ions were added during the titration, 
to see the effect of interfering metal ions. The 
results are surrmarised in Table 5,2, 
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TABLE - 5 . 2 
DETERMINATION OP CERIUM IN PRESENCE OF OTHER METAL IONS 
M e t a l i o n s a d d e d a s C e r i u m (mg) 
i m p u r i t i e s (mg) % E r r o r 
T a k e n F o u n d 
1 . 3 9 8 0 . 2 
2 . 7 9 8 0 . 1 4 
5 . 6 0 8 - 0 . 0 7 
1 4 . 0 1 6 - 0 . 0 2 
1 4 . 0 3 2 - 0 . 1 4 
8 . 2 6 0 - 0 . 0 8 
2 . 8 0 3 - 0 . 0 0 
1 . 4 0 5 - 0 . 2 8 
0 . 7 0 3 - 0 . 4 2 
7 . 0 0 7 - 0 . 0 1 
1 4 . 0 1 0 0 . 0 1 
2 . 8 0 0 0 . 0 7 
1 . 3 9 4 0 . 4 
2 . 7 9 5 0 . 2 4 
5 . 6 0 8 0 , 0 7 
3 4 . 8 0 5 
2 3 . 2 0 3 
1 1 . 6 0 1 
5 . 8 0 0 
6 . 9 4 5 
1 3 . 8 9 0 
2 0 . 8 3 5 
3 4 . 7 2 5 
6 9 . 4 5 0 
2 3 . 8 0 3 
4 7 . 6 0 6 
1 1 . 9 0 1 
2 7 . 9 2 
1 3 . 9 6 
6 . 9 8 
T h ( l V ) 
T h ( l V ) 
T h ( l V ) 
T h ( l V ) 
L a ( l I I ) 
L a ( l I I ) 
L a ( l I I ) 
L a ( l I I ) 
L a ( l I I ) 
U ( I I ) 
U ( I I ) 
udi) 
F e ( l I I ) 
F e ( l l l ) 
F e ( l l l ) 
1 . 4 0 1 
2 . 8 0 2 
5 . 6 0 4 
1 4 . 0 1 2 
1 4 . 0 1 2 
8 . 2 6 7 
2 . 8 0 2 
1 . 4 0 1 
0 . 7 0 0 
7 . 0 0 6 
1 4 . 0 1 2 
2 . P 0 2 
1 . 4 0 1 
2 . 7 8 0 2 
5 . 6 0 4 
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Precision: To study the reproducibility of determination 
of cerium ten replicate determinations were made. The 
results are summarised in Table 5,3. 
TABLE - 5.3 
REPRODUCIBILITY OF DETERMINATION OF CERIUM 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Cerium 
Taken 
7.006 
(-ng) 
Found 
7.020 
6.991 
7.005 
7.034 
7.013 
7.005 
7.020 
7.013 
6.998 
7.004 
D = obs 
— me an va 
-0.0097 
0.0193 
0.0053 
0.0237 
0.0027 
0.0053 
0.0097 
0.0027 
0.0123 
0.0063 
D2 
lue 
94x10"^ 
370xl0~^ 
28x10"^ 
561x10"^ 
7.2x10**^ 
28xl0~^ 
94x10""^ 
7.2x10"^ R 
150x10"^ 
39x10"^ 
V n-l 
^ _/l378xl0" 
= 0.0124 m 
^ ^ SxlOO 
,o . D . - _' •, ' 
mean 
= 1.74% 
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DISCUSSION 
The results of Table 5.1 reveal that the proposed 
method for the detprrnination of cerium(IV) is superior to 
the other methods involving direct addition of indicator 
as v;ell as cerium EDTA titration. The percentage error was 
found to be + 0.3% for a single observation. The amount of 
zinc silicate is very small (a few granules). The reaction 
of exchange is slov; process and a negligible amount of 
Zn(ll) in acidic medium viill be exchanged with Ce(lV). 
Therefore exchange will not interfere the determination. 
The rare-earths and iron(lll) do not interfere (Table 5.2). 
To study the reproducibility of determination of 
cerium, ten replicate determinations were made. The results 
of precision are summarized in Table-5.3, Standard deviation 
was found to be 0,0124 mg which gives a fair degree of 
reproducibility. 
The follov/ing v/ere added to 1 ml of 0,05M cerium(r7) 
solution in quantities given in parenthesis. No interference 
in determination of cerium was noticed when Ni(ll) (25 mg), 
Hg(ll) (100 mg) , Fe(lII) (35 mg) , NH^(I) (50 mg) were added. 
Perchlorate, nitrate does not interfere whereas ferrocynide, 
thiocynate and thlosulphate interfere. 
The use of acid increases the accuracy of the method. 
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The method is based on the fact that when all the 
Ce(lV) ions are reduced a slight excess of iron(II) gives 
a sharp colour change to the granules from blue to red. 
The granules of zinc silicate are colourless and v/hen 
converted to ferroin form they are changed from colourless 
to red. Again when the granules are kept in cerium(lV) 
solution the indicator is oxidised and colour changes 
from red to blue. The reaction is followed by a redox 
mechanisms 
Ce(lV) + Fe(ll) ^ •* Ce(lII) + Fe(III) 
The base 0-phenanthroline, C-^HoN^ dissolves easily 
in solution of ferrous salts, three molecules combining 
with one ferrous ion. The complex ferrous ions thus formed 
are intensely red in colour with strong oxidising agents, 
the ferric complex is formed, which has a blue colour, the 
intensity of which is much less than that of the ferrous 
complex. 
The complex ferrous ions are slowly decomposed by 
++ +H- ++ 
strong acids, or by salts of other metals (Co , Cu ,Ni 
Cd ) which form stable complexes with the base. The 
ferrous iron complex does not form, or forms only very 
slov;ly, v'hen ferrous ion is added to a strongly acid 
solution of the base. The blue oxidized form is remarkably 
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resistant to fT.i.rther action of strong oxidising agents. 
The colour change red to blue is reversible. 
The point of visible colour change (red to colorless) 
corresponds to 90 percent oxidation of the indicator v/hen 
one drop of a solution of the latter of the 0,025M concen-
tration is present. This colour change occurs at a potential 
of l.llV. 
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